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ABSTRACT 
Livestock Watering Practices in the Moroccan Pre-Sahara: Their Effects on Water 
and Nutrient Metabolism of Sheep in Different Body Conditions 
by 
El Mostafa Darfaoui, Doctor of Philosophy 
Utah State University, 1998 
Major Professor: Dr. John C. Malechek 
Department of Rangeland Resources 
Ill 
A field survey and a metabolism experiment were conducted to study livestock watering 
practices in the Moroccan Pre-Sahara and their changes with drought extent, season, ecological zone, 
pastoral system, and herd size. The metabolism experiment was designed to determine effects of 
once per 2 days (ID), once daily and twice daily drinking frequencies, and high and low body 
conditions on water and nutrient utilization by sheep fed high- and low-quality diets. 
The way herds are managed in this region exposes all sex and age categories of animals to 
food and water shortages during annual dry seasons and occasional droughts. Livestock are 
commonly watered once daily in warm seasons, but in the winter they are dominantly watered once 
every other day. Distance of herders' headquarters from water averaged 4.6 km, but 27 .6% of herders 
reside farther than the 5 km recommended distance from water sources. The proportion of herds not 
able to satisfy their complete requirements attains 28% in summer. Out-of-pocket cost of water 
hauling averaged 0.0270 Dirham, but was higher when water was trucked instead of 
transported by equines. A careful water development associated with adequate range management 
is recommended. 
IV 
Results of the metabolism experiment showed that thin rams had higher dry matter (DM) 
intake and nitrogen retention than did fat rams, but the digestive capacity of fat and thin rams was 
similar. ID did not affect Beni Guil sheep's water-to-OM-intake ratio, but induced a drop in DM 
intake of both diets. ID improved nitrogen balance by 40% as compared to daily drinking. When 
compared with fat rams, thin rams were more efficient in water utilization, but had higher water 
turnover, which allowed them to excrete excess waste coming from their higher feed intake. ID is 
undesirable when production or compensatory growth is the goal, but when animals are thin and feed 
quality is low, it has the advantage of improving nitrogen retention and allowing animals to graze 
at least two days walking distance from the water point without need for water transportation. 
Twice-daily drinking proved to be of a limited effect on all measured parameters. 
( 196 pages) 
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JUSTIFICATION AND NATURE OF THE STUDY 
Introduction 
Arid regions are characterized by large variability in food and water resources for 
livestock and wild animals. The low volume of precipitation in these areas and the irregularity 
of its distribution increase the frequency of forage and drinking water shortages . Changes in 
food and water availability and quality occur both seasonally and annually. As a result, animals 
frequently experience periods of undernutrition and decreased performance . Water availability 
is usually limited due to shortage in both surface and ground water. Consequently , pastoralists in 
many arid regions must travel long distances to water their herds , or use costly energy to pump 
and transport water to their animals. 
Livestock owners cope with food shortages by moving their flocks to areas where forage 
is more available (transhumance, nomadism) , by food supplementation, or by simply tolerating 
weight loss. When water is insufficient , livestock may only be watered intermittently, once 
every 2 to 3 days, or they may receive only a portion of their daily requirements . The 
implications of these practices on animal production are largel y unknown . 
Both wildlife and dom estic animals have adapted to desert conditions and have 
developed various behavioral and physiological mechanisms to deal with food and water 
shortages. These mechanisms include the phenomenon of compensatory growth, where animals 
grow exceptionally fast when feed is freely available, typically following period s of adverse 
nutrition that have caused slow growth or weight loss . Herbivores well adapted to dry lands are 
also characterized by lower food and water requirements and are able to survive and produce 
with intermittent watering and have the capacity to replenish their water losses quickly when 
drinking water becomes available . The challenge faced by producers in these areas is 
conciliating between a parsimonious, highly variable, and fragile environment characterized by 
the scarcity of food and water, a well-adapted but low-potential livestock, and prevailing social 
and economic considerations such as family prestige requirements and market prices . 
The objectives of this study are 2-fold: 
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I . To determine adaptive strategies of livestock producers in arid areas such as 
southeastern Morocco, in dealing with a harsh environment and managing their 
livestock. I investigated the ways producers manage reproduction and marketing 
of their livestock to optimize the use of available resources. Furthermore, I 
analyzed livestock watering practices and evaluated the potential of these 
practices to meet livestock water needs and the cost of water consumed by both 
humans and livestock . 
2. To determine ways of optimizing the utilization of food and water. In particular , 
I explored the effects of watering frequency , body condition and diet quality on 
utilization of water, nitrogen , and forage by a local sheep breed . 
Working Hypotheses 
I accomplished both objectives by examining 2 sets of hypotheses , each related to an 
objective. 
Hypotheses related to objective I: Survey of livestock watering practices : 
1.1. Herders water their flocks at least once a day . However , due to water shortage in dry 
season (late summer-early fall) and during droughts, animals are watered once every other day or 
at a lower frequency. 
1.2. Producers manage their flocks to minimize livestock numbers during food scarcity (fall 
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and winter) and water shortage periods (late summer-early fall). 
1.3. Drought extent, season, ecological zone, pastoral system and herd size have direct 
effects on livestock watering frequency , distance traveled to water sources , extent of meeting 
livestock water needs , volume of transported water and cost of water transportation . 
Hypotheses related to objective 2: Water and nitrogen economy experiment 
2.1. Watering Beni Gui! sheep once every 2 days will greatly stress them and, consequently , 
affect their pla sma sodium, potassium , and protein concentrations. 
2.2. Thin rams will be affected less than fat rams by water restriction and its effects on feed 
intake, digestive capacity, water turnover, water losses (feces, urine , insensible) , and nitrogen 
balance. 
2 .3. Water restriction effects on thin rams' dry matter intake , nitrogen balance , and digestive 
ca pacity will be greater under high-quality diet (i.e ., in compensatory growth state) than under low-
quality diet. 
2.4. Watering sheep twice per day when they are fat and (or) fed a high-qu a lity diet will 
improve their feed and water intake and enhance their feed utilization . 
seaso n. 
The corresponding null hypotheses that were tested are the following. 
Survey hypothesis: 
A. I. Herders water their flocks at least once per day independentl y of drou ght exte nt or 
A.2. Producers manage their flock 's reproduction and marketing regardless of season al 
variation in feed and water availability . 
A .3. Drought extent , season, ecological zone , pastoral system, and herd size have no effect 
on livestock watering frequenc y, distance traveled to water sources, level of meeting livestock water 
needs, volume of transported water, or cost of water transportation . 
Experimental null hypotheses : 
B. I . Watering Beni Gui! sheep once every 2 days will have no effect on their plasma 
sodium , potassium , and protein concentrations. 
B.2. Thin and fat rams experiencing the same level of water restriction will exhibit the 
same level of feed intake, digestive capacity , water turnover , water losses , and nitro gen 
retention . 
B.3. The effect of water restriction on thin sheep ' s water turnover, dry matter intake , 
nitrogen balance , and digestive capacity is independent of diet quality . 
B.4 . Watering sheep twice daily when they are fat and (or) fed a high-quality diet will 
have no effect on their feed and water intake or utilization . 
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LITERATURE REVIEW 
Livestock and Water 
Animals need water for at least 2 purposes: as an essential nutrient and component of the 
body and to assist the animal to reduce heat load by conductive or evaporative cooling (More and 
Sahni 1981). Water molecules are, by far , the most numerous of any in a mammal and represent 
up to 99% of all molecules. Water represents 48 to 78% of mammals ' body weight (Ti 11 and 
Downes 1962). lt is divided between the intracellular pool (45% of total body weight , TBW, and 
the extracellular pool (25% ofTBW). The latter can be further subdivided into interstitial , 
plasma (5% of TBW), and transcellular water. interstitial water fills spaces surrounding cells and 
connective tissue and transcellular water is found in the gastrointestinal tract. It amounts to 15 to 
35% of body weight in ruminants. The mammalian body can lose its entire fat and over half o f 
its protein and yet live, while a loss of only I II O of its water may lead to serious physiological 
disturbances (More and Sahni 1981). 
Water Functions 
Water is the milieu in which all the biochemical reactions fundamental to life occur. 
Within a living organism , a water stream running throughout the tissues transports oxygen and 
all nutrients to the cells and facilitates removal of al l unassimilated particles and waste materials , 
such as urea, from the body. Water also plays a very important role in living organisms by 
serving in the cooling process . When exposed to high temperatures and so lar radiation , anima ls ' 
heat load increases and imposes a stress on them. To dissipate this heat they rely mainly on the 
cooli ng capacity of water as it releases its latent heat through evaporation during panting or 
sweating. As l g of water , which is characterized by its very high specific heat , thermal 
conductivity, and mobility, changes from liquid to vapor , whether by panting or sweating, it 
binds about 2,425 J of heat (Squires 1986) . 
Water Turnover 
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Animals' water turnover, or total amount of water utilized per kilogram of body weight 
per day , depends on their body weight and varies between 5 and 30% of their water pool daily . 
The rate of turnover is highly correlated to metabolic rate . Animals with lower metabolic rates 
generate less heat and consequently use less water. The rate at which a ruminant animal in a 
given environment uses its water is genetically determined, and therefore varies among species 
and breeds . Macfarlane and his coworkers found in 1971 that at the equator, the highest water 
turnover rates occurred in cattle (135 ml/kg live weight/day), with sheep in a second position 
(107 ml/kg) goats somewhat less (96 ml/kg) , and camels (Came/us dromaderus) least in their 
water requirements (61 ml/kg) . Camels' water turnover rate was half to I third that of cattle. In 
temperate environments, the same ranking order of genera and species was reported (Macfarlane 
et al. 1971 ). Differences have also been found in water economy between breeds of domestic 
livestock. In Kenya, Karakul sheep had a turnover 27% higher than did Merino or Droper 
(Macfarlane et al. 1971) , and Border Leicesters sheep used 20 to 40% more water than did 
Merinos in Australia (Wilson 1969) . EI-Nouty and his colleagues ( 1988) observed in Egypt that 
Rahmani sheep had a higher water turnover than Barki sheep and that Baladi goats had the 
lowest water turnover , making them more adapted to desert conditions than either of the 2 breeds 
of sheep . 
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Water Balance 
Animals gain water by drinking free water, by eating moist food and by using water 
produced by metabolic biochemical reactions. Water is lost in the urine, in the feces , in milk and 
as vapor from the respiratory system and the surface of the body . The maintenance of body fluid 
homeostasis involves several neural control systems . The preservation of water balance depends 
both on a sensitive regulation of the antidiuretic hormone ADH , secreted from the 
neurohypophysis , and on an efficient thirst mechanism. The later insures that drinking 
compensates inevitable water loss , and after an excessive intake of water , regulatory attenuation 
of the ADH secretion eliminates the danger of overhydration (Olson and McKinley l 980). Water 
losses are regulated by the gut-kidney machinery and are associated with energy , either that of 
food or that gained from radiant sources. The nutritional level affects water losses and 
consequent ly water requirements through the quantity of heat produced by metabolism and the 
amount of waste to be excreted (Olson and McKinley 1980 , Silanikove 1992). 
Drinking Water and Water Requirements 
Drinking free water is the principal avenue of water gain by ruminants in arid 
environments. When offered unlimited water , animals are generally inefficient in its use and 
have high water turnover rates. Water intake of ruminants reaches up to 20% of body weight 
depending on several factors, including body and gut sizes, environmental temperature, 
humidity, physiological state of the animal, dry matter intake , nitrogen and mineral content of 
the ration, and drinking water temperature (More and Sahni 1981 ). It is well established that 
during summer periods, animals ' water requirements are , in general, higher , and they drink at 
least once every day . In the winter , domestic animals have been observed to go at least 3 days 
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without water. Water consumption of different breeds of sheep provided ad libitum water daily 
in the Indian desert ranged from 4.04 to 4.45 1/animal/d in autumn, from 1.65 to 1.95 1/animal/d 
in winter, from 3.65 to 4.20 1/animal/d in spring, and reached up to 5.12 1/animal/d in summer 
(Mittal and Ghosh 1986). Under summer conditions, Moroccan goats' water intake is between 
46 ml /kg of live weight (LW) (1.52 I/head) and 36 ml/kg LW (1.12 !/head) for lactating and non-
lactating females , respectively (Hossaini-Hilali et al. 1994). 
When only saline water or salty vegetation are available as food, livestock have 
additional water demands for flushing excess salts from their bodies. [n summer, our survey 
showed that to cope with salt load , sheep had to drink up to 3 times more than sheep grazing on 
grasslands. Similarly, Squires ( 1986) reported that Australian sheep consuming salty vegetation 
had to visit the water points at least twice a day. 
Water in Feed 
Forage is another source of water. This source of water gain can be significant when 
livestock are fed fresh green forage , and can go up to 4 I/day for sheep (Hyder et al. 1968) . It is 
generally agreed that if moisture content of range forage reaches 60 to 70%, sheep's water 
requirements can be fully satisfied from food. However , when forage is dry , it may provide as 
little as 0.09 I/day (Abdellatif and Ahmed 1992). A positive relationship exits between 
percentage of dietary dry matter, water intake and milk production of lactating cows . As dietary 
dry matter increases, free water consumption increases, but total water intake decreases (Murphy 
1992). 
Metabolic Water 
Animals also obtain water from oxidation of lipids , proteins, and carbohydrates . 
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Abdellatif and Ahmed ( 1992) estimated the amount of water gained by sheep from this source at 
0.49 I/day when they were fed concentrate, and 0.23 I/day when they were fed lucerne hay. The 
oxidation of 1 g of lipid, protein and carbohydrates produces, respectively, 1.07, 0.41 , and 0.6 g 
of water (Marten 1985). However, water genesis from metabolic reactions is accompanied by 
excessive heat production that can require up to 14 times the amount of water produced to be 
dissipated through panting or sweating (Squires 1986). According to Schmidt-Nielsen (1964) , 
the contribution of metabolic water can only be significant when the vapor pressure gradient 
between the expired air and the environment is small and when the endogenous heat production 
is sufficiently low to allow a non-evaporative cooling and a water economy . The contribution of 
metabolic water is more important when metabolic rate is low. 
Fecal Water Losses 
Fecal output is an important avenue of water loss. The amount of fecal water excreted 
depends on the type of food and on its digestibility (Schmidt-Nielsen 1964 ). Water availability 
to livestock also has a direct effect on water excretion in the feces. Fecal water losses from 
freely watered Awassi sheep averaged 388 ml per day (52.6% of the feces) when fed vetch hay 
(Laden et al. 1987), and 4 I/day (25% of water intake) for steers fed a ration based on ground ear 
corn (Utley et al. 1970). For dairy cows, Pacquay et al. (1970) reported average fecal water 
losses of 17 kg/d that were positively correlated with dry matter (OM) intake and negatively 
correlated with OM content. Dry matter content of the feces also varies with animal species, the 
type of food and its digestibility, and drinking water consumption . In a study reported by 
Schmidt-Nielsen ( 1964), camels , donkeys, and grazing cows ' fecal moisture was estimated at 52, 
64, and 85%, respectively. 
Urinary Water Losses 
Urine volume is extremely variable from I animal species to another and within the 
same species, with the season, the type of food and its moisture content, and drinking water 
availability. Urinary water loss reached 1.14 I/day from shaded sheep fed concentrate and only 
0.87 I/day when unshaded and fed lucerne (Abdellatif and Ahmed 1992). For steers , Utley et al. 
( 1970) reported a daily urinary loss of 5.1 I/day (32.1 % of water intake) when fed ground ea r 
corn. Pacqua y et al. ( 1970) reported average urinary volumes for dair y cows of 16 kg/day . 
10 
Animals are able to excrete urine with high salts concentrations . In sheep and camels , 
Schmidt-Nielsen ( 1964) reported values of urine osmolalities over 7 to 8 times greater than those 
of plasma . This characteristic allows them to use moderate amounts of water for excretion and 
also to drink waters with relatively high salt contents. 
Evaporation Losses 
Evaporative cooling takes place at 2 sites, the skin and the upper respiratory tract. Under 
heat stress , animals possess the ability to reduce their heat load by swea ting and pantin g. The 
extent of evaporative water loss through sweating and panting varies among animal species and 
breeds and depends on body size, as well as on the physical factors that govern heat exchange. 
These factors include the temperature and vapor pressure gradients that exist between the 
organism and the environment and the resistance to heat flow along these gradients (Finch 1984 ). 
In domestic animals, especially small ruminants , sweating is more important to water loss than is 
panting. The fact that cutaneous water heat loss is greater than respiratory loss is probably 
important to these species because they expose a larger surface area relative to body mass to the 
radiant environment than do large ruminants (Finch 1984). Quantitatively , Abdellatif and 
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Ahmed (1992) estimated that evaporative water losses were about 3.99 I/day for shaded sheep 
and 4.99 I/day for unshaded sheep. These losses represented 69% and 81 % of the entire water 
losses in these 2 situations respectively. For cattle , Utley et al. ( 1970) estimated the water loss 
from evaporation at about 7.2 I/day, which represented 43% and 44% of water intake and total 
water losses , respectively. Animals' coats form a barrier between the body and the environment, 
and the thermal effects of the coat greatly influence the level of heat stress. The heat which 
results from metabolic energy transformations also contributes greatly to heat stress of animals 
and accounts for 40-50% of the total heat load requiring dissipation (Finch 1976) . 
Milk production is an important water loss avenue in lactating females. Milk production , 
and therefore water loss via this route, depends on the animal species, the genetic potential , and 
food and water intakes . [n a study conducted by Maltz et al. (1982), losses due to evaporation 
and milk production by lactating Bedouin goats accounted for 50 and 25%, respectively, of total 
water losses. Urinary losses varied from 13 to 20% of total water losses depending on the milk 
yie ld. Fecal water losses of lactating goats were 3 times higher than those of non-lactating ones 
and amounted to I 0% of the total losses . 
Adaptation to Water Deficit 
Herbivores that are well adapted to environments characterized by scarce water, large 
areas, and dry low-quality vegetation have low water requirements (Shkolnik and Silanikove 
1981 ). They can survive with intermittent drinking and are able to replenish their water loss 
quickly when drinking water is available. The ability of these animals to withstand water 
deprivation allows pastoralists to manage their resources more efficiently . It also permits the 
land to be stocked at higher rates when water holes are scarce. Depending on the species, desert 
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animals are able to survive several days without drinking, and they can stand losses of up to 33% 
of their body mass as a consequence of dehydration. 
There are 2 phases in the process of dehydration in the ruminant. Phase I is when food 
intake and salivation, are still high enough to allow near normal fermentation in the rumen . 
Phase Two occurs when food intake, salivation, and digesta content in the rumen fall severely 
(Brosh et al. 1988). According to Silanikove ( 1994), the appearance of Phase Two is delayed in 
desert-adapted animals. 
Short-term water deficits and intermittent drinking have been reported to have little or no 
effect on the productive performance of adapted animals. For instance, short-term water 
deprivation was reported to have absolutely no effect on the reproductive performance ( oestrus, 
conception rate , lambing rate , length of gestation, post-partum interval, inter-lambing period, 
post-lambing weight of ewes, and birth weight of lambs) of desert adapted Magra and Marwari 
sheep of India (Mittal and Ghosh 1986) . Also, reducing watering frequency from daily to every 
2 to 3 days did not influence Zebu steer performance (Nicholson 1987, Musimba et al. 1987b). 
However, lactating Zebu cows , given water every 3 days in the dry season, had their weight and 
condition decline rapidly in comparison with cows watered every day (Nicholson 1987). 
Similarly, a 48-hour water deprivation caused a drop in goat milk production of 28% with only a 
slight decrease in food intake (Houssaini-Hilali et al. 1994) . 
In summary, during water deprivation conditions, animals have developed different 
morphological , behavioral, and physiological adaptations to insure survival and in some cases 
maintain a minimum level of production . 
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Morphological Adaptations 
The most important morphological features that affect water balance in animals are bod y 
size and the nature of the integument . Animals with large bodies are characterized by high 
thermal inertia and relatively lower surface area, which reduces their heat gain from the 
environment and improves their water economy. Animals with small bodies are also able to save 
water by their ability to benefit from favorable microclimates and to dissipate heat by 
nonevaporative means (Louw 1984) . In very small-bodied animals, however , evaporative 
cooling alone may become insufficient to dissipate the heat load , and animals may have to rely 
more on behavioral means for cooling purposes . 
In mammals, the nature and the color of the pelage play an important role in heat 
exchange and therefore in water balance . A thick pelage provides a protective thermal shield and 
reduces heat gain, which leads to a reduction of the need for evaporative cooling. 
Behavioral Adaptations 
All heat-stressed animal species are known to escape, when pos sible , to favorable 
microclimates having lower temperatures and higher humidity. These behavioral adaptations, 
such as seeking of shade and convective cooling on high, windy ground, are very important in 
water economy, especially in arid and desert environments . In the absence of shelter , animals 
are known to orient themselves in manners that reduce by as much as 50% the portion of their 
body areas exposed to direct radiation (Louw 1984). 
Physiological Adaptations 
To deal with water deprivation or deficit , both common situations in the arid 
environments, animals have acquired several physiological characteristics, which allow them 
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either to store, save, or tolerate the loss of large amounts of water. 
Basal metabolic rate and temperature fluctuations. A reduced resting metabolic rate is a 
common feature among animals adapted to arid and desert conditions (Silanikove 1994). A 
decrease in watering regime (frequency as well as amount) and in feed quality has also been 
reported to reduce basal metabolic rate. For example, the combination of water restriction and a 
diet composed exclusively of wheat straw resulted in a resting metabolic rate for goats only 54% 
of that recorded in comparable goats fed alfalfa hay and watered daily (Brosh et al. I 986b ). A 
reduction in metabolic rate will reduce oxygen demand, heat stress , and therefore evaporative 
water loss (Silanikove 1989) . 
Elevated body temperature is the most common indicator of strain from heat stress . 
When heat stress increases on desert-adapted animals, a part of the heat load is stored in the body 
and is manifested as an increase in body temperature. Schmidt-Nielsen ( 1964) reported that daily 
fluctuations of body temperature (which may exceed 6 °C in the case of a dehydrated camel) are 
important , first because they allow animals to save the water that would otherwise be used to 
dissipate the stored heat. This heat can subsequently be released as radiant energy during the 
relatively cool night. Second, an elevated body temperature will reduce heat flow from the hot 
environment to the body. Cattle under considerable heat stress withstand diurnal body 
temperature variations of up to 3 °C (Amakraii and Funsho 1979). For small ruminants, such as 
sheep and goats, temperature fluctuations are relatively small , and are in the order of 2 to 3 °C 
(Brook and Short 1960). 
Other mechanisms contributing to nonevaporative heat transfer , such as vasodilatation 
and increased peripheral blood flow, are important in thermoregulation when air temperature 
remains below body temperature. However, when air temperatures are higher than body 
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temperature, evaporative cooling becomes crucial to temperature regulation. 
Water storage and the role of the digestive tract. The digestive tract in ruminants plays 
an important role in water storage . Along with other functions , it allows animals of dry areas to 
walk far from water points to graze enough forage to meet their nutrient requirements . The 
digestive tract in general and the rumen in particular serve as reservoirs and release water to the 
body at appropriate rates. Hecker et al. ( 1964) concluded that body water balance is not altered 
by fluids drawn from the alimentary tract during the first day of water deprivation , and thus the 
rumen may be regarded as a water store in sheep. The large amount of water absorbed from the 
rumen constitutes the major portion (55-60%) of the water lost during dehydration (Hecker et al. 
1964 , Silanikove and Tadmore 1989, Silanikove 1991) . 
There are 3 theories that attempt to explain the adjustment of outflow from the rumen to 
the dehydrated body (see next section) . This adjustment allows animals to avoid osmotic shocks 
that are likely to follow the consumption of large volumes of water that can attain as much as 
80% of the animal ' s total body water content. 
Animals have also the ability to store water by increasing the volume of their bod y fluid . 
For instance , to meet the necessary water requirements for milk production , lactating goats 
increased their total body water from 75 to 85% and plasma volume from 6% to 8.8% of body 
weight . This water reserve allows goats to walk long distances in search of forage to meet their 
energy demands before they have to return to the water hole (Maltz and Shkolnik 1980) . 
Capacity for rehydration. Mammals are divided into 2 categories of drinkers : those that 
replenish lost water rapidly, and those that do it gradually (Adolph 1982) . Animals that are 
adapted to arid and desert environments have a very large capacity for rapid rehydration 
(Shkolnik and Silanikove 1981 ). After several days without water, a camel can drink up to 30% 
of its body weight in 10 min (Schmidt-Nielsen 1964). Desert goats also imbibe volumes of 
water as large as 40% of their dehydrated body weight within a few minutes (Choshniak and 
Shkolnik 1977). The rapidity which distinguishes the drinking manner of these herbivores is 
believed to be related to predation avoidance (Shkolnik et al. 1980) . Awassi sheep are also 
capable of imbibing their average daily ration of water within 15 min following 5 days of 
dehydration (Laden et al. 1987) . Droper sheep denied water for 4 days drank 19.7% of their 
dehydrated body mass and replenished 100.3% of their body mass loss from the first drink 
(Degen and Kam 1992) . 
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Three theories have been developed to explain the ways ruminants avoid osmotic 
hazards posed by their voluminous drinking capacity: osmotic stability of the red blood cells 
(Perk 1963, Etzion et al. 1984), the rumen as a protective osmotic mechanism (Hoppe et al. 
1976, Chosniak and Shkolnik 1977), and recycling of hypotonic fluid to the foregut by the 
hepato-salivary path . In the latter case, enhanced secretion of saliva recycles an important 
portion of the water absorbed from the gut back to the rumen , which wo uld allow effect ive 
retention of water while avoiding the danger of osmotic hazard to the red blood cells (Silanikove 
1989, 1991). 
Excretion and water savings. Under water restriction , adapted animals are able to reduce 
the volume of water excreted in urine and feces . This ability helps insure their survival under 
extremely dry conditions . The kidneys play a primary role in water economy of adapted 
animals . A decrease in the glomerular infiltration rate and urine volume and an increase in 
sodium and the sodium /potassium ratio in urine excreted during dehydration were observed in 
Merino sheep (Macfarlane et al. 1958) . The concentrating ability of the kidney is also evident in 
the increase in total electrolyte excretion by dehydrated animals. After 48 hours of water 
17 
deprivation of Marwari sheep, urinary sodium rose to about double the normal level, while 
potassium excretion increased slightly for short time, and became normal afterward (Ghosh at al. 
1976) . In another study (Laden et al. 1987), Awassi sheep reduced urine volume by 91 % and 
increased urine osmolality by 42% on the last day of a 5-day period without water. No urine was 
excreted by these animals even 12 hours after rehydration. 
Dehydrated animals drastically reduce fecal water output. According to the study on 
Awassi sheep reported above, fecal output declined from 724g the first day to 37g the fifth day. 
Water content of the feces was reduced from 53% to 12%, and the total fecal water excreted was 
reduced from 388 ml to 4 ml over the 5-day period, a reduction of about 99%. Water excreted in 
the feces of steers suffering from a 40% reduction in water intake was likewise reduced by 40% 
(Utley et al. 1970) . 
Distribution of water loss in dehydrated animals. Dehydration and heat stress cause a 
decrease in body fluid and an increase in its osmolality. Water deprivation and restriction are 
also reported to increase plasma and urine osmolality as well as Na, Kand protein concentrations 
(Hossaini-Hilali et al. 1994, Silanikove 1994) . When the loss of body fluid reaches a critical 
level , thermoregulation and cardiovascular function can be compromised (Schmidt-Nielsen 
1964, Silanikove 1994). Body mass losses related to dehydration in adapted animals are mainly 
due to reduced water volume (Purohit et al. 1972, Shkolnik et al. 1972) . Droper sheep dehydrated 
for 4 days lost 16.3% of their body mass, of which 94.3% was body water (Degen and Kam 
1992) . 
Water losses in dehydrated animals take place in the gut and in intracellular and 
extracellular spaces. The gut contents contributed 50% of the losses in camels deprived of water 
for 9 days and having lost 25% of their body weight and 30% of their total body water . About 
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30% of the losses came from the intracellular space and 20% from the extracellular space 
(Macfarlane et al. 1962). Although intracellular water loss was more important in absolute 
terms , the greatest proportional loss took place in the interstitial fluid (3 8% as compared to 24% 
of the intracellular water) and the smallest relative loss occurred in the plasma of the dehydrated 
camels. The plasma volume was reduced less than its proportional share in the total water loss 
(Schmidt-Nielsen 1964). This characteristic allows blood circulation to function normally -even 
under extreme dehydration. In dehydrated sheep the reduction of extracellular fluid averaged 
about 3 5% in several studies (Purohit et al. 1972, Macfarlane et al. 1961, Degen et al. 1992). 
In summary, an insulating fleece or pelage, the large water holding capacity of the 
rumen, water conservation through a reduction of fecal water , and the ability of the kidney to 
concentrate urinary solutes assure the protection of adapted ruminants from lethal dehydration. 
Moreover, maintenance ofrelatively high volumes of plasma and extracellular fluids and a 
robust cardiovascular system permit circulation to be maintained with viscous blood of reduced 
volume (Macfarlane et al. 1961 ). 
Effect of Water Restriction on Feed Intake 
and Metabolism 
Dehydration and water restriction have been reported by several authors to increase 
nutrient metabolism by domestic ruminants . Water deprivation has a direct effect on dry matter 
and water intake , on nutrient digestibility , and on nitrogen balance . Water restriction affects 
appetite and digestive response through food-related drinking (see below) , whereas water 
deprivation affects them mainly by depletion of body fluids and secondarily by an increase in gut 
fill and ruminal sodium concentration (Silanikove 1992) . 
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Effect on Feed and Water Intake 
There are 2 types of drinking: drinking in response to challenges to fluid homeostasis 
(Fitzsimmons 1979) and drinking elicited by eating (Kraly 1984) . It has been suggested that the 
latter is a derivation of a more basic relationship , that is, the proportional exchange of water and 
energy (Silanikove 1989). When water is not a limiting factor, there is a very strong linear 
relationship between feed and water intake (Macfarlane and Howard 1972, Silanikove 1989). 
Under such conditions , ruminants drink even when the plasma volume and osmolality have not 
reached the threshold necessary to trigger thirst mechanisms . Except when food moisture is 
higher than 70% , the first reaction of animals exposed to water restriction is to reduce their dry 
matter intake (Macfarlane and Howard 1972) . In Australia , Merino sheep totally refused food 
after 2 days of water deprivation (Macfarlane et al. 1961 ). In another study , medium and fine 
wool Merinos and Border leicesters subjected to 4 days of water restriction dropped their food 
intake to less than half of the pre-restriction level (Wilson 1969) . Marwari desert sheep reduced 
their dry matter and organic matter intakes by 54% and 53% , respectively , as a result of a 50% 
restriction of water intake (Bohra and Ghosh 1977) . In cattle , Utle y et al . ( 1970) reported a 
reduction in feed intake of 23% following a decrease in water intake of 40% . In the same 
experiment , the water-to-feed ratios were reduced from 2.9 I/kg in a water free-choice situation 
to 2.4 I/kg when cattle were receiving 80% of water free choice and to 2 .2 I/kg when the y were 
receiving only 60% of water free choice. 
Desert ruminants have the ability to maintain higher feed intakes during dehydration 
than do their related non-desert counterparts (Silanikove 1985) . This superiority of desert 
animals is related to their ability to minimize a rise in plasma osmolality (Silanikove and 
Tadmore 1989). 
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The qua! ity of the food eaten greatly affects the extent of wa ter restriction on dry matter 
intake . When fed alfalfa hay , the gross energy intake of Bedouin goats dee! ined co ntinuously 
during 4 days of water deprivation (Brosh et al. l 986b ). On the fourth day , energy intake 
averaged only a third of the value registered during the first day following drinking . When fed 
Rhodes grass, the decrease in food intake between 2 consecutive drinking s was smaller, and 
when fed wheat straw, it remained almost constant throughout the period . 
The basal metabolic rate and, consequently , metabolizable energy requirements of 
domestic animals have also been reported to decrease under water restriction . According to 
Brosh et al. ( l 986a), an intermittent watering regime and consumption of low-qua! ity feeds each 
reduced the demand of Bedouin goats for metabolizable energy. The combination of these 2 
factors resulted in a decrease of resting metabolic rate of 46%. 
In addition to decreases in feed intake , a drop in voluntary water intake has also been 
reported to result from water restriction. When Bedouin goats were fed alfalfa hay and watered 
every 4 days , they required only 60% of the feed and 50% of the water as when they were 
watered daily (Brosh et al. l 986a) . 
Rehydration results in a rapid restoration of feed intake in sheep, goats , and cattle 
(Dahl born and Holtenius 1990). This increase occurs despite the distention of the reticulo-rumen 
and prior to any significant change in blood osmolality. The digestion of food allows the rumen 
to rapidly restore its normal microbial activity , digesta kinetics, and VF A production (Brosh et 
al. l 986a). 
Effect on Digestibility 
Dehydration and water restriction have been associated with an improvement of nutrient 
utilization by ruminants. This improvement seems to be strongly related to the increased mean 
retention time of digesta and fluid in the digestive tract (Utley et al. 1970, Silanikove 1985, 
Brosh et al. l986b, Musimba et al. 1987a,b). A 33% increase in the mean retention time of 
digesta in the rumen of the black Bedouin goat was measured following water restriction and 
total gastrointestinal tract residence time was increased by 43%. 
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Utley et al. (1970) and [khatua et al. (1985) reported increased digestibility of dry matter 
(DM), organic matter (OM), crude fiber (CF), crude protein (CP) , nitrogen free extract (NFE), 
and ether extract (EE) of water-restricted cattle. Purohit et al. ( 1976) and Bohra and Ghosh 
( 1977) reported similar results for Marwari desert sheep. However , Osman and Fadlallah ( 1974) 
observed no significant effect of water restriction on the overall mean digestibility coefficients of 
OM and CF in Sudanese desert sheep on 4 different feeds. The digestibility of ether extract in 
this trial was significantly reduced, whereas that of Nitrogen Free Extract was slightly higher 
when water was restricted. In a different study (Silanikove and Brosh 1989) , digestibility of 
structural carbohydrates increased significantly for Bedouin goats watered every 4 days as 
opposed to daily . Digestibility coefficients of cellulose and hemicellulose increased from 0.63 to 
0 . 73 and from 0.6 l to 0 .68, respectively . Lignin was also reported to undergo degradation and 
absorption during its passage through the gastrointestinal tract of dehydrated animals . 
The improvements recorded in food utilization by dehydrated ruminants were originally 
claimed not to be a direct effect of water restriction, but rather the result of the reduced feed 
intake , which decreases the rate of passage (Blaxter 1956) . However , recent workers have 
demonstrated that contrary to this view, the increase in digestibility coefficients by animals 
subjected to dehydration or to water restriction is the result of a reduction in rumen motility 
(Christopherson and Kennedy 1983, Christopherson 1985), rumination activity (Gordon 1965, 
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Aganga et al. 1990), and saliva secretion (Silanikove and Tadmore 1989), all of which interact to 
reduce passage rate and which are directly related to the imposed stress (Brosh et al. l 986a, 
Silanikove 1992). The breakdown of digesta into finer particles, thereby increasing the surface 
area available to attack by rumen microrganisms , has also been reported to play a role in the 
improvement of digestibility in animals subjected to water restriction (Brosh et al. I 986a) . It is 
important, however, to notice that the latter suggestion conflicts with the reduction in rumination 
activity in dehydrated animals reported earlier. 
In situ dry matter disappearance was increased for grazing Zebu cattle given water once 
in 2 days and once in 3 days, compared with those watered daily (Musimba et al. l 987b). This 
increase (which cannot be related to retention time and passage rate) was suggested by the 
authors to be a result of an enhancement offermentive activity of the microbial population in the 
rumen . However , 4 years earlier Brosh et al. ( 1983) concluded from I of their studies that 
dehydration-rehydration cycles had no significant effect on fermentation capacity of the rumen 
microorganisms . This aspect needs further investigation . 
Effect on Nitrogen Balance 
Water restriction has also been associated with the improvement of nitrogen balance in 
several animal species. Camels were reported to show an increase in nitrogen retention when 
subjected to restricted protein and water intake (Schmidt-Nielsen 1964). Utley et al. ( 1970) also 
reported an increase in nitrogen retention with the level of water restriction in Angus steers and 
observed that it was negatively correlated to total nitrogen excreted in the urine . Infusion with a 
constant amount of urea solution intravenously indicated that nitrogen cycling was enhanced due 
to water restriction . Zebu cattle, studied by Ikhatua et al. ( 1986), manifested an increase in 
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nitrogen cycling, an improvement of nitrogen balance, and a rise in retained nitrogen when 
provided 50% of free choice water. Payne (1965) observed that when cattle, in a negative 
nitrogen balance due to a very low protein diet, were exposed to a restricted water regime, their 
nitrogen balance turned positive . Improved nitrogen metabolism was also observed in sheep as 
result of water restriction (Osman and Fadlallah 1974 ). In desert sheep and goats subjected to 
water deprivation, urea recycling increased from 75% to 94% and from 79% to 95% , 
respectively. Nitrogen balance also turned from negative to positive for both species (Mousa et 
al. 1983). In camels, however, urea recycling was consistently high (94-97%) and provided little 
opportunity for improvement during water deprivation. Nitrogen balance did not change with 
water deprivation in this species either (Mousa et al. 1983 ). 
Conclusions 
Under arid and desert environments, livestock are frequently subjected to intermittent or 
restricted drinking. Adapted animals have developed mechanisms that allow them to reduce 
their water losses by concentrating their excretions and by increasing their tolerance to heat flow 
from the environment, and reducing their internal heat production (basal metabolic rate). They 
can store and save water when they are suffering from water deprivation or restriction, and, 
above all , they are able to improve their nutrient metabolism to partially compensate for the 
negative effects of dehydration . 
Water and Livestock Development 
The Water-Production System Relationship 
The livestock production system and its water sources mutually determine each other. In 
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pastoral systems of the Middle East , Sahel, Sudan, and sub-Saharan Africa, herds generally 
move to sub-Saharan ranges during the rainy season and then join permanent water points during 
the dry season. Permanent water points in this case can be rivers (e.g ., Niger, Senegal, Chari) or 
lakes (Rkis in Mauritania, or Tchad Lake in chad) , wells or boreholes (F AO 1986). 
Chiche (1995a) emphasized the mutual effects that the type of water sources, availability 
and spatio-temporal distribution, and the livestock production system produce on each other. 
According to this author , livestock in the Moroccan High Atlas are mainly watered from springs 
and canals in warm seasons, and in the barns with hauled water in the winter. Middle Atlas 
livestock receive tank-conveyed water while on the range . In the eastern part of the Rif 
Mountains, south of Doukkala and Abda, water is scarce and animals are watered individually . 
In this system, herd size typically does not exceed IO head (Chiche l 995a). 
Centripetal watering is a practice which involves herding livestock as far from water as 
possible at the start of the dry season , when the vegetation is still green and the days are 
relatively cool and then gradually bringing them closer as the vegetation dries out and the days 
become hotter. It is commonly practiced with camels and small stock, for example , in Kenya 
(IPAL 1982). In contrast , some herders of cattle adopt a centrifugal watering practice , which 
involves grazing near water first and then extending their range as the dry season progresses 
(Rippstein and Peyre de Fabregues 1972). The observations of cattle in Niger suffering fatigue 
and weight loss but walking maximum distances at the end of the dry season and at the hottest 
time of the year, prompted Rippstein and Peyre de Fabregues ( 1972) to recommend centripetal 
watering. 
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Watering Regimes 
Several different watering regimes are practiced in different livestock production 
systems, especially the traditional pastoral ones . Specie and breed of livestock, climate , and 
water and forage quantity and availability dictate these regimes. According to King ( 1983 ), for 
the watering regime to be adequate for ungulates eating dry forage, the following criteria must be 
met: the degree of dehydration must not exceed the temporary water holding capacity of the 
alimentary tract; the animal must have enough time to drink its fill ; and the frequency of 
watering must prevent body water loss from reaching the stage of clinical dehydration . In 
general, ruminants can replace up to 30% of their body weight at the first drink. The capacity 
and speed of fluid replacement, as mentioned earlier, appear to be higher in the more adapted 
animals. 
Daily watering is necessary for maximum productivity when grass digestibility is above 
50%, but moisture content below 50% or thereabouts (King 1983). Generally, pastoralists water 
their animals daily , but where water is short or during dry season or when ranges are 
overstocked, cattle for instance are placed under 2-day or 3-day watering regimes (French 1956). 
A 3-day watering frequency cannot be continued for long, but drinking on alternate days can be 
continued for weeks without apparent harmful effects on animals (French 1956) . Furthermore , 
comparative effects of these watering regimes revealed that change from a daily to a 2-day 
watering regime is an attempt to maintain production for man, whereas a 3-day watering regime 
is a survival strategy for the cow (Swift 1979). 
Water and Forage Use in Rangeland 
There is a strong relationship between water and feed intake in ruminants (Macfarlane 
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and Howard 1972) . In adult desert rams, water restriction decreased dry matter intake (g/kg 75) 
and food restriction decreased water intake (ml /kg) . Reduction of 1 of these elements when the 
other is short generally does not hurt. An old adage says: "Water can be limited when forage is 
short." King (1983) suggested that when the season is likely to be difficult due to rain failure , the 
transition to 2- and 3-day watering should be made early in the season in order to reduce cattle 
maintenance requirements to 2/3 of normal early, thereby allowing grazing to last 1/3 longer or 
carry I /3 more animals. 
Water Development and Management 
When developing water points and determining their density and geographic 
distribution , several criteria are often taken into account: a) the kind of livestock , as various 
animal species and breeds differ in their maximum walking distance , b) topography , s ince 
walking distances tolerated by animals depend on land topography , c), climatic conditions , 
which affect livestock water requirements and watering frequency , d) quality of the forage (when 
forge is green and succulent the amount of water needed by livestock will be much less) , e) 
planned watering frequency , f) management goals (distribution of livestock on the range) , g) 
kind and daily maximum discharge of water sources , h) cost , and i) management capacities . 
Considering all these factors , norms of water point density and placement are set for each 
grazing system , kind of livestock , and region . In Australia , for instance , cattle are attributed 1 
water point per 17,000 ha surface (radius= 7 .35 km) and sheep I water point per 4,000 ha 
(radius= 3.5 km) (WADA 1975). In the Sahel , cattle are considered able to walk a distance of 6 
to 1 O km from pasture to water point, whereas sheep can travel only 3 to 5 km (F AO 1986). 
Similar norms for small ruminants in Morocco are 1 water point for every 1,000 to 2,500 ha 
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(radius= 2.5 km) in mountain areas and I water point per 2,500 to I 0,000 ha in the plains (radius 
= 5.6 km). These Moroccan norms for small ruminants are based on a daily per-head water 
requirement of 4 liters and maximum walking capability of 5 km per day (MARA 1994). 
In arid regions, water is difficult to obtain and its scarcity and sporadic distribution cause 
many disturbances in range utilization and typically results in denuded "sacrifice" areas around 
watering points. Where water point density is low and distribution is inadequate, the excessive 
numbers of animals using single water point lead to widespread erosion (Holscher and Woolfolk 
1953). A high water point density does not achieve proper use either. Adding a third water 
facility to a prairie pasture of about 4 70 ha, while resulting in slight negative improvement in 
good and fair portions of the range, deteriorated the excellent portions (Jensen and Schumacher 
1969). According to Stoddard et al. ( 1975), there are 2 means of obtaining proper range 
utilization without having to construct costly permanent facilities: changing access to water from 
one facility to an other, and hauling water. These authors' first recommendation seems to be 
more applicable in western US ranching operations, while their second suggestion is shared by 
other authors (Chiche l 995a). 
Cost of Providing Water 
Farmers are generally very sensitive to water costs, especially when they pay directly for 
the energy required to pump water for irrigating their crops . Pastoralists in traditional societies 
are less sensitive because in most cases water development investments as well as maintenance 
are assumed by governments (FAO 1986). Nevertheless, pastoralists pay a cost for water when 
they have to transport it from the source to the pasture or to their household . In such cases, the 
mode of transportation can be equines, horse or donkey-drawn carts, tank-trucks or tractor-drawn 
28 
tanks , or else a mixture of all of these. The cost will vary with the method utilized. No 
information is available in the literature at hand on this subject, and some research is needed to 
illuminate these topics. Furthermore, with the new Moroccan policy, which emphasizes the 
target population's participation in rural development projects, producers in traditional pastoral 
societies are increasingly involved in all aspects of their production system, including water 
development and management. They are, consequently, now more aware of water and forage 
costs than before, but more extension work is needed to increase this awareness and capitalize on 
it. 
Body Condition and Compensatory Growth 
In arid and desert rangelands, water shortage is not the only problem facing livestock 
and wildlife. Because of the great variability that characterizes such ranges, grazing animals 
typically encounter periods of undernutrition at some time each year due to inadequate forage 
quality or quantity. During these periods, domestic livestock are either supplemented or simply 
allowed to lose weight, depending on the management objectives and means of the producers . fn 
addition to these cyclic and yearly intervals of nutrient shortages, animals occasionally face 
severe periods of undernutrition due to failure of forage growth from drought. 
In addition to weight loss, undernutrition affects animals ' reproductive performance by 
retarding their sexual maturity and influencing their oestrus, ovulation rate , fertilization rate , 
embryonic survival , birth weight and prenatal losses (Allden 1970). Undernourished sheep also 
produce less wool of a lower quality (Schinckel and Short 1961). 
The weight loss of undernourished animals consists of protein, fat, and water. The 
degree to which each of these components is implicated depends on the severity and duration of 
undernutrition, the degree of maturity of the animal, and the composition of the diet (Butler-
Hogg 1984, Drouillard et al. 1991 ). 
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When feed becomes freely available to animals that have experienced a period of 
adverse nutrition (and consequent lowered growth rate or weight loss) , they are known to grow 
exceptionally fast. This response is commonly called "compensatory growth" (Allden 1970, 
Thornton et al. 1979). The mechanisms involved in compensatory growth as confirmed in most 
of the studies (Ryan 1990, Kabbali et al. l 992a , Ryan et al. l 993a) are mainly reduced 
maintenance requirement and increased deposition of protein relative to fat. This results in an 
increase in efficiency of energy use and a greater food intake. The overall efficienc y of the 
compensatory growth depends greatly on the additional length of time required to attain the final 
target weight (Kabbali et al. 1992a). The longer it takes, the lower the efficiency . Therefore , the 
higher the efficiency of feed conversion , and the greater the feed intake during refeeding , the 
greater will be the overall efficiency in compensator y growth. 
Reduced Basal Metabolic Rate 
The reduction in live-weight as a result of undernutrition occurs in 2 phases . ln the first 
phase , there is a greater loss of visceral organ mass and internal fat than carcas s mass. 
Consequently , the basal metabolic rate of the animal decreases . The second pha se involves 
carcass mass loss to a greater extent than loss of internal organs (Graham and Searle 1975, 
Kabbali et al. 1992a, Ryan et al. 1993b). According to Ryan et al. (1993b), the reduction in the 
visceral organs can be expected for 2 reasons . First , the demand for these tissues to process 
nutrients is decreased during nutritional restriction, and second , these tissues are very active 
metabolically and have disproportionately high maintenance requirements . Reducing the size of 
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these tissues during periods of undernutrition therefore allows animals to reduce their 
maintenance requirements. Basal metabolic rate after prolonged undernutrition was some 30 
KJ/day /kg 0 75 below the value predicted by a general relationship established with sheep between 
basal metabolism , body weight, growth rate , prior food intake, and age (Graham et al. 1974). The 
reduced basal metabolic rate diminishes the energy and water demand (Silanikove 1989, 1992, 
1994 ), and contributes to compensatory growth by increasing the energy available for growth . 
Mary and McNiven ( 1983), however, concluded from their study on sheep that when expressed 
as a multiple of metabolic body size (Kg 0 75), average fasting heat production remained constant 
at 0.31 MJ/kg 0 75. The replenishment of the metabolically active organs also contributes to 
compensatory growth by their lower requirements before they reach their full size , and by the 
increase in protein deposition relative to fat required for their synthesis (Ryan et al. 1993 b ). 
Body Composition 
Body composition undergoes important changes in chemical composition as result of 
undernutrition and during the compensatory growth phase (see following sections). However , it 
has been established that for a given weight , animals that have been through compensatory 
growth following undernutrition and control animals have the same body composition (Graham 
and Searle 1975, Thornton et al. 1979, Ryan et al. 1993b) . 
Undernutrition 
The mass lost by animals suffering from undernutrition is in general composed of 45-
53% water , 13-24% protein, and 28-39% fat (Keenan and McManus 1969, Drew and Reid 1975, 
Kabbali et al. l 992b ). The variation in the extent to which each of these components is involved 
in the loss depends on the degree of maturity and the amount of fat in the body of the animal at 
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the beginning of the undernutrition period. More mature and fatter animals were found to 
mobilize more fat during weight loss (Thornton et al. 1979). The ratio of fat to protein in the 
mass that is lost by undernourished animals is also affected by the severity of undernutrition and 
their dietary composition. Drouillard et al. ( 1991) reported that dietary protein restriction of 
lambs leads to a loss of body protein, while a restriction in energy allows body protein 
conservation. 
Compensatory Growth 
Compensating animals are known to convert feed more efficiently than normally fed 
controls. The most important reason behind this increase in efficiency is an increase in the 
protein-to-fat ratio in the newly deposited body mass . The rate at which animals increase in live 
mass is a function of both the amount and the form of the energy deposited. If the proportion of 
energy deposited as protein increases, the gain in weight will be greater per unit of energy 
deposited. Compensating-animals deposit more protein in the initial regrowth phase , and as the 
refeeding progresses , more fat is deposited. The degree to which body composition of the refed 
animal will be different from that of the normally grown control will depend on how far the refed 
animal has gone in the second phase of growth (Kabbali et al. l 992a). 
Increased Water Retention in Undernourished 
and Refed Animals 
There is one important feature in the undernourished as well as in the compensating 
animals that has been reported by most of the workers in this field, and that is the higher body 
water percentage in both types of animals. Farrell and Reardon ( 1972) were the first authors to 
report a significantly greater percentage of water in the fat-free empty body of undernourished 
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sheep (73 .5 vs 72.0%). Searle and Graham (1975) also found that undernourished weaner lambs 
had more water in their fat free bodies (75.5% vs 73.0%), as well as less protein (18.9% vs 
21.0%). Keenan and McManus (1969) and McManus et al. ( 1972) studied the course of recovery 
from weight loss in both young and adult sheep, and they concluded that sheep exhibiting 
compensatory growth laid down less fat and retained more water in their bodies than did 
controls, while differences in total body protein were small. Water content of Moroccan lambs 
refed after undernutrition also increased from 63.2% to 64.8% in the carcass and from 70.8% to 
74.7% in the non-carcass portions (Kabbali et al. 1992). 
I could not find in the literature any attempt to explain this phenomenon of increased 
body water proportion in undernourished and re fed animals . However, Ryan et al. ( 1993 b) 
mentioned that 3 to 4g of water is retained with every gram of protein deposited by growing 
animals. This may help explain the increase in compensating animals' body water, but not that 
observed in undernourished animals. Perhaps the water resulting from fat catabolism in body 
tissues may account for this observed phenomena. The other question that also arises from these 
observations is, how does this water surplus in the reticulo-rumen and in the bodies of 
undernourished and refed animals affect their water balance, especially when they are on an 
intermittent water regime? Is this an indication that animals in low body condition have lower 
water requirements? Are they less sensitive to water restriction? Does it have any positive effects 
for them? Or do they require more water than normally fed animals? The present study will 
attempt to contribute to answer some of these questions . 
Intake of Food 
Numerous factors affect the level of food intake. One of these factors is the previous 
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nutrition of the animal as reflected in its body condition or energy status . Donnelly et al. (1974) 
suggested that the level of food intake is regulated by the amount of fat in the body. According to 
these authors, when the fat content of mature sheep reached 20%, food intake dropped. The 
appetite of animals after periods of undernutrition is generally increased (Al Iden l 970 , Graham 
and Searle 1975, Ryan et al. l 993a) . However , there is no general agreement on this point 
because other authors have reported no increase (Donnelly et al. 1974, Drew and Reid 1975, 
Kabbali et al. 1992) . Undernutrition imposed at different stages of life may affect feed intake 
during the recovery period in different ways (Al Iden 1970). The appetite of compensating 
animals subjected to undernutrition in early life tends to remain unchanged, while that of animals 
undernourished in later stages shows an increase. Increased severity of undernutrition has also 
been associated with more prolonged elevation of food intake during real imentation (Ryan 
1990) . 
Digestibility 
There is disagreement in the literature on the effect of body condition on nutrient 
digestibility. While some workers found that digestive power is not influenced by pre viou s 
dietary restrictions , and that compensatory efficiency must come from improved utilization of 
nutrients after absorption (Colman and Evans l 986) , others have reported that dry matter , 
organic matter , crude protein , and energ y apparent digestibility (but not acid detergent fiber 
digestibility) were significantly higher in fat animals (Pelitand and Agabriel 1993). Bines et al. 
( 1969) observed that the digestibility of dry matter by fat cows was 2 to 3 percentage units 
greater than that by thin cows. 
Undernutrition affects both productive and reproductive performances. Weight loss is 
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composed mainly of water, protein, and fat. Animals experiencing compensatory growth after a 
period of adverse nutrition are known to be more efficient in dietary energy transformations . 
Undernourished, as well as refed animals have a lower basal metabo lic rate and are characterized 
by a higher water retention in their bodies and guts. Whether these features have any effect on 
water balance of livestock, especially under restricted watering regimes , remains to be 
investigated, and is the subject of this study. 
Conclusions 
Water is an essential element for life . It is a body component and a cooling medium . 
Livestock gain water by drinking free water, eating moist food, and using metabolic water. 
Water turnover in animals depends a great deal on the heat load, which must be dissipated by 
evaporation . Forty to 50% of this heat is internally generated, and is related to basal metabolic 
rate . Water also eliminates body waste through the feces and urine. When water is limiting , 
animals lower their basal metabolic rate and reduce the volume of water excreted in feces and 
urine. Animals adapted to arid and desert environments have lower metabolic requirements and 
can tolerate a loss of up to 30% of their body weight. When deprived of water , these animals 
reduce their dry matter intake, increase digestibility of their feed , and improve their nitrogen 
balance. 
When maximum production is the goal , livestock need to be watered on a daily basis . 
However , for several reasons and especially when water availability is limiting, animals are 
watered only intermittently or every 3 or more days . 
When undernourished , animals also greatly reduce their metabolic requirement and 
retain more water in their bodies . Depending on the environmental conditions , the metabolic 
water that is produced when underfed animals are catabolizing fat can also contribute to water 
balance. 
I conclude from this review of literature that reduced basal metabolic rate , and higher 
body water content of undernourished animals will certainly have direct effects on water 
economy, nitrogen balance, digestive power , and performance of animals subjected to 
intermittent drinking and different dietary regimes in arid conditions. 
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MATERIALS AND METHODS 
The Study Area 
The study area , part of the Moroccan Pre-Sahara, is an arid to semi-desert rangeland 
covering approximately 3 million hectares of common ( owned by local tribes) and public ( owned 
by the state) lands located in southeastern Morocco (Fig. l ) . Only 1 % of the land is privately 
owned. 
Elevation of the area ranges between 2,714 mat the summit of Mesrouh (High Atlas 
Mountains) and 700 m south of Ain Chouater rural commune . Based on topographic as well as 
other ecological features, 3 main ecological zones can be distinguished in the area : mountains , 
high plateaus, and semi-desert plains . 
Climate 
The study area is under the influence of a gradient of increasing drought from north to 
south. Montane forests in the north receive about 250 mm of precipitation a year, while southern 
semi-desert plains receive about 120 mm . The annual rainfall pattern is marked by 2 rainy 
seasons, fall and spring, separated by 2 dry periods. 
There are 3 main vegetation types in this area: 
1) A degraded Quercus and Juniperus forest , where average annual precipitation 
exceeds 250 mm and where annual forage production varies between 375 and 625 kg of 
dry matter (OM) per hectare . This vegetation type covers less than 2% of the total area 
(ERES 1971 ). 
2) An arid steppe in the high plateaus, dominated by the coarse grass Stipa tenacissima 
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and white sagebrush Arternisia herba alba. Ann ual forage production of arid 
steppes ranges from 10 to 200 kg of dry matter, with an average of 125 kg of dry 
matter per hectare (ERES 1971 ). 
3) A semi-desert steppe composed of a charnephytic vegetation dominated by 
Hamada scoparia , Fartetia sp ., and Fredolia aretoides. Vegetal cover of this 
steppe is low and ranges from 1 to 15%. Forage production varies between 5 and 
50 kg DM/ha/year (ERES 1971) . 
Seasonal and daily temperature variations in the study area are very large . Cold winters 
and very hot and dry summers characterize semi-desert plains , where temperatures exceeding 
43 °C are frequent. In contrast, temperatures recorded in the mountain areas and high plateaus are 
generally moderate due to higher elevations. 
Hydrology and Water Resources 
Water in the study area comes from 2 sources , surface and underground . Surface water is 
mainly flood water which flows through the Guir river system in the fall and spring. 
Underground water is used for crop irrigation and livestock watering. 
Livestock Watering Points 
According to a census conducted by Darfaoui and Khiar in 1993, 298 livestock water 
points are found in the study area (Table I) . These are composed of 179 wells , 74 springs, I 
darn , 32 streams or rivers, and 3 khettaras . Khettaras are draining burrows that convey 
underground water to the surface for agriculture purposes. Length of khettaras may go up to 20 
km, and depths at their origins range between 6 and 18 rn. Average discharge of such structures 
ranges between 10 and 15 1/s. 
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As shown in Table 1, mountain areas have the highest water point density followed by 
high plateaus. These densities are very low when compared to the norms set by the Moroccan 
Ministry of Agriculture, which recommends I water source per l 000 to 2000 hectares of land in 
the mountains, and l water source per 2,500 to I 0,000 hectares in the plain rangelands (MARA 
1994 ). The situation in the study area is, however , much better than in the neighboring Oriental 
High Plateaus , where water point density averages only l per 25,000 to 30,000 hectares (Filali 
1996) . 
Animal Husbandry 
Approximately 6,540 households in the study area raise livestock (Darfaoui and Khiar 
1993). There are 2 types of livestock enterprises. One is referred to as intensive livestock 
husbandry and is practiced under confinement on the oasian farms . It comprises 1,550 head of 
cattle and 7,460 head of prolific D'man sheep, which are fed essentially yearlong on forage 
produced on irrigated lands. The second type of livestock enterprise is pastoral and comprises 
every rustic sheep (249,000 heads), goats ( 161,000 heads), and dromedaries ( 4, 1 75 heads) , in 
Table 1. Geographic distribution and density of water points. 
Mountain 
High plateaus 
Plain 
Total 
"Average 
Well 
79 
49 
50 
178 
Water point types (wp) 
Spring 
71 
2 
74 
Khettara River 
28 
4 
33 
Density 
(ha/wp) 
4458 
9313 
20035 
8228· 
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addition to a large number (9,200 heads) of equines (mainly donkeys and mules) used for water 
transportation, agriculture work and human and tent transportation. 
Pastoral Systems 
Three main pastoral systems are practiced today by livestock producers in the Moroccan 
Pre-Sahara: nomadic , semi-nomadic and sedentary. These systems are based on common access 
to rangeland and are distinct from each other by the degree of herd mobility , feeding strategies , 
herd size, livestock performance and the type of herding labor utilized (Darfaoui 1995) . 
Nomadic: In a nomadic system, herders spend the entire year moving their livestock 
between different localities, looking for green and nutritious forage , without being attached to 
any one locality . They live mainly in tents and travel as far as 450 km within or outside the Pre-
Sahara, especially during dry years. Nomadic pastoralists represent approximately I 0% of the 
entire pastoralist population of the area. However, they own and manage 23% of the total range 
livestock. 
Semi-nomadic : Semi-nomadic pastoralists graze their herds within a 100-km wide area, 
and generally cultivate a small piece of rainfed land . They represent 36% of the total number of 
pastoralists and control 41 % of the livestock. 
Sedentary : Sedentary livestock producers graze their flocks within areas generally not 
exceeding 10 km in diameter. The low mobility that characterizes this system in relation to the 
others makes livestock less dependent on rangelands and necessitates large amounts of feed 
supplements. Sedentary pastoralists represent about 53 % of total number of pastoralists in the 
study area , and they hold 3 7% of the livestock. 
According to Darfaoui ( 1995), the people of the study are becoming increasingly 
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sedentarized, and the reasons behind this phenomenon are mainly related to increasing food 
shortages and the attractive forces of modem life, such as needs for education and availability of 
health services. 
Herd Size 
[n the study reported by Darfaoui and Khiar ( 1993 ), 5 herd sizes were defined : flocks 
containing less than 20 small ruminants , 21-50, 51- 100, 101-200, and more than 200 animals. 
The same study indicated that 66% of the herds of the study area are composed of less than 50 
animals, but comprise only 28% of total livestock . Moreover , the study showed that 52% of the 
livestock are raised in flocks of more than 100 animals, which represent only 17% of total 
number of available herds . Flocks containing more than 200 animals represent only 5% of the 
total , but include 25% of the entire livestock population . 
Sheep and Goat Breeds 
Four breeds of sheep and 2 breeds of goats are utilized in the study area . All of the se 
small ruminants are well adapted to the harsh environment. Sheep breeds are Rahali , Beni Gui! , 
D ' man , and Oulad Jellal, while goat breeds are called Rahali and D' man . 
The Beni Gui! breed , which represents 40% of the total sheep of the area , is well defined 
as the typical Moroccan Oriental High Plateau breed . With a population of 101,000 in the study 
area , the Beni Gui! sheep is a small animal weighing on average 35 to 45 kg , but it has very good 
conformation. Its per-ewe annual meat production averages 12 kg and its per-head wool 
production is approximately 2 kg/year. The Beni Gui! sheep is highly adapted to arid steppes and 
is a very efficient roughage user. It has a prolificacy rate of approximately 1. 15 (Darfaoui and 
Khiar 1993) . 
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Livestock Feeding 
With favorable weather, rangelands provide livestock with an average of 80% of their 
feed requirements. The rest is supplemented by purchased feeds. However , the contribution of 
each of these sources varies depending on the climatic conditions of the year and on the pastoral 
system practiced. 
Supplementation is a widely used practice in the area. Barley is the main food 
supplement fed to livestock by nomadic and semi-nomadic producers. Sedentary pastoraiists 
provide large quantities of barley, as well as more diversified rations ( e.g ., barley, sugar beet 
pulp, commercially mixed foodstuffs, wheat bran, straw, date wastes, alfalfa hay) . However, due 
to insufficient awareness about the merits of supplementation or to unavailability of sufficient 
funds, not all producers supplement their flocks appropriately . The percentage of producers who 
supplement their livestock does not exceed 90% for sedentary producers, 55% for semi-nomads , 
and only 40% for nomads. This situation has a direct effect on animals performance and body 
condition . Thin animals and those handicapped and dwarfed due to undernutrition are common, 
especially during the dry season and in the winter. Weight loss in animals is a very common and 
accepted phenomenon in the area, especially in dry years (Darfaoui 1995). 
Survey Methodology 
To accomplish the livestock watering practices study , a survey of 225 producers was 
conducted utilizing the survey instrument shown in Appendix 8. Sampling was based on a 
census of livestock producers of the area, accomplished by Darfaoui and Khiar in 1993. All 
producers were sorted according to 3 criteria: ecological zone, pastoral system , and herd size . 
Producers to be surveyed were selected at regular intervals by choosing every 301h name on the 
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list . Missing producers were replaced by I of the 2 nearest neighbors on the list (Table 2). 
In this stratified sample, which represents 3.5% of the total population, the selected 
number of producers per category (belonging to an ecological zone, a pastoral system or a herd 
size) reflected the proportion of the same category in the field (Table 3). However, large herds 
were disproportionately represented in the sample in order to include more diverse situations of 
this category . Otherwise, it would have included a very limited number of producers (3 
producers per category). Table 3 gives the distribution of samples per pastoral system and per 
herd size for each of the 3 ecological zones. 
Data collection and analysis were performed for each ecological zone, pastoral system, 
herd size, season and climatic condition ( drought extent). Characterization of the ecological zone 
and pastoral system were outlined in the previous section on the study area . 
With regard to herd size, and for simplification purposes, 3 sizes were considered instead 
of 5: a small herd size (between I and 50 small ruminants), a medium herd size (between 51 and 
150), and a large herd size (more than 151 ). 
Table 2. Sample distribution: Number of producers per pastoral system and herd size 
category in relation to ecological zone. 
Ecological zone 
High plateaus Mountain Plains 
Pastoral system Nomadic 4 5 18 
Semi-nomadic 27 21 12 
Sedentary 42 54 42 
Herd size Small 14 36 23 
Medium 36 29 35 
Large 23 19 20 
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The question about drought extent (Appendix B) refers to what producers consider a dry 
or a wet year. During the survey, a special reference was made to the current year ( 1995/ 1996) , 
which was viewed as a wet year for the area (447 mm in the mountains , 370 mm in the high 
plateaus , and 212 mm in the plains), in comparison to the year before ( 1994/1995), which was a 
dry year. It received only about 60% of the mean annual precipitation ( 170 mm on the mountain 
and high plateaus and 65 mm in the plain) . 
The survey was conducted during the months of January, February, and March 1996. 
Because of their dispersion and mobility in the area, the producers were either contacted on the 
range or approached and surveyed on the weekly market days. Observations made in the field 
included the measurement or estimation of the capacity of different water containers, and 
verification of quotes by producers concerning distances between camps and water points . 
Data concerning reproduction and marketing of livestock were obtained through 
Table 3. Sample size and proportions. 
Factor 
Ecological zone 
Pastoral system 
Herd size 
Category 
High plateaus 
Mountain 
Plain 
Nomadic 
Semi-nomadic 
Sedentary 
Small 
Medium 
Large 
Number of 
producers 
73 
80 
72 
27 
60 
138 
63 
84 
78 
% in the 
sample 
32.4 
35.6 
32.0 
12.0 
26.7 
61.3 
28.0 
37 .3 
34.7 
% in the 
population 
29.0 
43.3 
27.7 
10.0 
36.9 
53.1 
60 .5 
30.0 
9.5 
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questions aimed at general tendencies in the different herds by recording occurrence of the event 
in more than 60% of the animals in the herd. The question related to mating and lambing periods 
was formulated as follows: "What are the months of the year in which the majority (more then 
60%) of your ewes or goats are mating or giving birth?" Answers in this case were grouped and 
reported in terms of number of herds mating or giving birth per season of the yea r. Concerning 
marketing periods and ages, the question addressed to surveyed producers was "When do you 
sell the majority (more than 60%) of your lambs and kids and at what ages?" In reference to data 
concerning the extent of livestock water needs , surveyed producers were asked to estimate the 
extent to which they believe their herds satisfy their thirst at the watering point in different 
seasons and years. 
Data were entered in a Microsoft Access database management system, and sta tistical 
analyses were performed using the Statistical Analysis System General Linear Model Procedure 
(GLM) (SAS Institute 1996) . Quantitative data were analyzed using t-test and GLM procedures , 
while categorical data were analyzed by the mean chi-square tests. Due to empty cells , and in 
order to perform reliable chi-square tests, data concerning pastoral systems were sometimes 
clustered to form 1 transhumant group instead of nomadic and semi-nomadic producers . 
Moreover, all watering frequencies lower than 1 drink per 2 days were grouped in one category , 
and those higher than 2 drinks per day grouped in another category . In addition, due to empty 
cells, certain quantitative variables were analyzed by running partial factorials instead of one 
analysis including all factors . 
Methodology of the Water and Nitrogen Economy Experiment 
The water and nitrogen economy experiment was conducted at the Errachidia ORMV A-TF 
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(Regional Agency for Irrigation and Agricultural Development) experimental station, located at an 
elevation of 1,000 m near the city of Errachidia. 
Experimental Design 
The experiment consisted of a randomized block design, including 3 identical trials (blocks) , 
each consisting of a 3 *2*2 factorial design with 2 rams per treatment per trial. The 3 tested factors 
were (a) 3 watering frequencies (regimes), (b) 2 body conditions, and (c) 2 diets (rations). Total 
number of animals per treatment was 6 (Table 4). 
Body Condition 
A group of 24 Beni Gui I rams were used in each of the 3 trials of the experiment. At the 
beginning of each trial, 32 rams of uniform weight and age (IO months for the first trial , 15 months 
for the second, and 9 months for the third) were purchased from the same producer. The initial herd 
was divided in 2 groups of 16 rams each. One group was fed a high quality diet (alfalfa ad libitum , 
600 g of barley , and 15 g of a commercial minerals and vitamins mixture per head per day) , and the 
other group was fed a low quality diet formulated to supply half of the maintenance energy 
requirements as specified by (NRC 1985) . It was composed of 600 g of straw , I 00 g of barley , and 
15 g of the same commercial mineral and vitamin mixture as above. At the end of a 45-day pre-trial 
feeding period, all rams were scored on a body condition scale varying from 1 to 5 by 3 specialists . 
A score of 1 was attributed to the low-body-condition group, (LBC) whereas the high body condition 
group (HBC) was credited a score of 4. The 2 groups of animals were considered identical except 
for body condition (weight related to previous nutritional level). From the thin group, the 12 most 
homogenous rams on the basis of weight were selected to represent LBC, and likewise, the 12 most 
homogeneous fat rams were selected from the alfalfa-hay-fed group to represent the HBC treatment . 
Table 4. Experimental design: representation of the trials. 
Body condition Diet 
Fat rams Alfalfa ration 
Straw ration 
Thin rams Alfalfa ration 
Straw ration 
Dietary Regime 
Water regime 
2 drinks I day 
l drink I day 
l drink I 2 days 
2 drinks I day 
l drink I day 
I drink I 2 days 
2 drinks I day 
l drink I day 
I drink I 2 days 
2 drinks I day 
l drink I day 
l drink I 2 days 
Rams/treatment/trial I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Rams per 
treatment 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
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Each of the thin and fat ram groups was further divided in 2 groups of 6 animals each and 
was assigned either a low-quality diet (LQD) composed of 84% straw, 15% barley , and I% vitamins 
and minerals , or a high-quality diet (HQD) composed of 69% alfalfa hay , 30% barley grain , and 1 % 
minerals and vitamins. The 2 rations were designed to be similar to diets most frequently fed to 
livestock in the area. Feeds were moderately chopped with a feed grinder and mixed together by 
hand. Proximate analysis was performed in the National School of Agriculture in Meknes, according 
to methods described by AOAC (1990) . 
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Watering Regime 
The different sets of fat and thin rams fed the diets described above were further separated 
into 3 groups based upon watering regimes (frequencies). These watering regimes 
consisted of rams watered twice daily, once daily, or once every second day (intermittent watering 
or intermittent drinking). 
The 3 trials were conducted over 2 successive summer seasons , Trial I in August 1996 and 
Trials 2 and 3 in July and August 1997 , respectively . Animals were held in wooden metabolism 
crates (air flow all-wood sides) measuring 1 by 1.5 m, and placed in the full sun to simulate , as 
nearly as possible, natural management conditions. Prevailing weather conditions measured during 
the experiment were near long-term average and were characterized by seasonally hot tern peratures. 
Animals were fitted with fecal collection bags and a special apparatus for total urine collection. This 
apparatus consisted of a collector (a funnel of 10 cm in diameter), to which a small 250-ml plastic 
bottle was linked through a 15-cm plastic tube. The length of the tube was adjusted to keep the bottle 
from touching the crate floor when the animal was standing. A spring was inserted into the upper 
part of the tube to keep it from closing when the animal was lying down . Fecal bags and urine 
collectors were emptied every 12 hours or sooner if urine bottles were full. All the trials began with 
a 25-day adaptation period during which animals adapted to the metabolism crates , and ended with 
a data collection period of 8 days . The third collection period of the trial , however , lasted only 6 
days due to a sudden change in weather conditions . 
Data Collection 
Food Intake 
Experimental animals were fed ad libitum. Food amounts 15% above the intake recorded 
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the preceding second day (i.e., the most recent day where animals in all treatments were under the 
same drinking schedule as the current day; one treatment group drank only on alternate days) were 
offered to the rams and were offered more if they finished their supply. Diets were fed in 2 portions 
at 0830 , and 1800. Food residues (orts) remaining from the previous feeding period were co llected 
and weighed before distribution of the new meal. Daily samples of the food distributed (I kg I day) 
as well as orts (55 g of straw or 100 g of alfalfa per animal /day) were collected, oven-dried under 
60°C for 48 hours , and stored for chemical analysis. 
Water Intake 
Animals had access to water according to their drinking schedule at I 000 for a 40-min 
period. Water remaining after this period was measured to determine water intake. Animals drinking 
twice per day were again offered water at 1700 in the afternoon . Water loss by evaporation was 
estimated by measuring the quantity of water evaporated from a bucket similar to the ones utilized 
to water the experimental rams and containing the same amount of water. 
Water Balance 
Water balance (WB) was determined according to the following equation (Abdellatif and 
Ahmed 1992) : 
WB =(OW+ FW + MW) - (UV+ FCW + EW + RW) 
where OW is water gained from drinking, which was directly measured , and FW is water gained 
from feed estimated through the measurement of moisture in food intake. Metabolic water (MW) 
was estimated by calculating the water of oxidation gained from I g of food and multiplying this 
quantity by the difference between dry food consumed and dry feces voided (English 1966). 
Values of 0.396, 0.556 , and 1.071 were used as amounts of metabolic water formed (ml/g of 
50 
nutrient utilized) for protein, carbohydrates, and fat , respectively (Abdellatif and Ahmed 1992) . 
Water losses were assessed by measuring fecal water (FCW) and urine volume (UV) , and by 
estimating water retention (R W) . This latter was considered as 65% of body weight gain or loss 
(Kabbali et al. l 992a) . Evaporative water (EW) was estimated by subtracting the amount of fecal 
water loss, urine volume, and water retained in the animal ' s body from total water gain. Total 
water gain is defined as DW + FW + MW . 
Loss of water through evaporation from fecal bags and urine bottles was estimated by 
filling an additional bag and bottle every morning and evening with amounts of feces and urine , 
respectively , similar to the average amounts collected per animal. Fecal weight loss and decrease 
in urine volume during the 12 hours were utilized to adjust fecal water and urine volumes . Fecal 
samples utilized for fecal water evaporation estimation consisted of a mixture of feces collected 
from animals fed the 2 experimental diets. 
Subsamples of 5% of urinary and fecal outputs were taken twice a day for chemical 
anal ysis . Fecal samples were oven dried at 60 °C for 48 hours and urine samples frozen and 
stored for subsequent anal ysis . A few drops of concentrated sulfuric acid were used as a 
preservative in urine collection bottles (Muna and Abdellatif 1994 ) . 
To evaluate the effects of intermittent drinking on animals ' physiology, measurements of 
plasma concentrations of total proteins , sodium (Na) , and potassium (K) were performed on 
jugular blood samples (10 ml) taken by using vacuum heparinized tubes from all experimental 
rams before water was distributed on the morning of a drinking day. Total plasma protein 
concentration was measured by refractometry (AO Instrument Company, Buffalo , NY , USA) . 
Plasma Na and K were analyzed by flame photometry (IL 243, Instrumentation laboratory , 
Paderno Dugnano , Italy) . 
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Nitrogen Balance 
Nitrogen retention was calculated as the difference between nitrogen intake and fecal 
and urinary nitrogen output. Nitrogen intake was calculated by subtracting total nitrogen in food 
refusals from total nitrogen offered to each animal (Abdellatif and Ahmed 1992). 
Digestibility Coefficients 
Digestibility coefficients of dry matter, organic matter, nitrogen and cell wall 
constituents (NDF) were calculated from collected data and laboratory analysis concerning daily 
feed intake and fecal output. Utilized formulas are those described by Merchen ( 1988) . 
Food , feces, and urine analyses were performed on composite samples generated by a 
proportional mixture of samples collected from each animal during the 8-day data collection 
period . Feed intake and digestibility coefficients , as well water and nitrogen balance, were 
determined on a daily basis and then averaged for each trial. Determination of total nitrogen 
content of feed , fecal and urine samples was achieved by using the Kjeldahl method (AOAC 
1990). 
Data Presentation and Statistical Analysis 
Most of the available studies on water and nitrogen balance for sheep have presented 
data on a per-animal basis . Due to differences in weight characteristics of my animals , and as 
consequence of body condition treatment, I presented data on a metabolic weight basis. 
However, for comparison purposes I have also presented data on per-ram basis , which is inserted 
in the Appendix. In this regard, Kleiber ( 1961) found that to best describe the logarithmic 
relation between WTO and body mass, an exponent of 0.82 should be used. This differs from the 
0.75 exponent commonly used to describe the energy-mass relationship. However , a study by 
Silanikove in 1989 established that there was no statistical difference between the 2 exponents, 
and that the 0 .75 exponent should be used also for comparison of water:mass relationship 
between different mammals. 
Values are given as least square means± standard error. Statistical analysis of the data 
was carried out with the Statistical analysis system general linear model procedure (SAS 
Institute 1996). The analysis was performed on the basis of a randomized block design , where 
trials were considered as blocks . The model was as follows: 
Y,;ktm = µ + B; + D1 +Wk+ DW;k + T, + D~, + WTk, + DW ~kt + € ,,,1,Jk/J. 
where Yi j klm = Observation of the m'h animal in the ilh body condition , fed the j 'h diet and 
subjected to the k'h watering regime during the i'h trial. When the F statistic was significant (P < 
0.05 , Snedecor and Cochran 1967) , the least significant difference (LSD) test was applied to 
co mpare differences among treatment adjusted means . Comparison of animals' weight gai n 
during the conditioning period was performed using the paired t-test. 
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RESULTS AND DISCUSSION 
Survey on Livestock Watering Practices 
Herd Management 
The objective was to identify periods of the year when small ruminants suffer from 
shortages of either forage or water or both . Animals' presence on the range and change in their 
physiological state will help provide an idea on the fluctuation of seasonal livestock 
requirements at different levels of forage and water availability and quality . 
Mating and Lambing Periods 
Table 5 shows that for both sheep and goats , the major mating period is summer (62 .3% , 
and 55.4% herds, respectively). Spring and fall follow successively. Summer and fall seasons are 
consequentl y periods of high forage demand , as females require good nutrition to maximize 
fertility rate . Lambings and kiddings are concentrated in winter and fall. The majority (52% ) of 
sheep lamb in winter while 30% lamb in the fall. These proportions are 49% and 23%, 
respectively , for goats . Fall and winter are the most stressful seasons for livestock in the region 
Table 5. Sheep and goat mating and lambing seasons in southeastern Morocco (% of 
herds). 
Sheep Goats 
Season Lambing Kidding 
Mating season season Mating season season 
Fall 9.6 29 .9 20.8 23.4 
Winter 1.4 51.6 0.0 48 .9 
Spring 26.7 10.8 23.9 19.2 
Summer 62.3 7.6 55.4 8.5 
Total 100.0 100.0 100.0 100.0 
54 
in terms of nutrition, because animal requirements are very high (for lambing, kidding, and 
lactation) and forage availability is typically both in terms of quantity and quality. Food 
supplementation needs to be systematically practiced in these 2 seasons if optimal performance 
is to be realized. 
However, according to Darfaoui and Khiar (1993), this practice is limited in the area; 
only 55% of semi-nomadic and 40% of nomadic herds are supplemented. Consequently, 
livestock nutritional status during these periods is generally unsatisfactory. This situation is 
exacerbated during drought years, when in addition to weight loss, abortion and mortality rates 
increase dramatically . 
Marketing of Sheep and Goats 
Data were collected on marketing practices of sheep and goats to investigate the 
pastoralists ' ways of manipulating livestock numbers to deal with variations in range forage and 
water availability and quality throughout the year. Data in Table 6 show that the majority of male 
lambs (76%) and kids (77%) are sold at the end of summer and in spring. Female lambs and kids 
are marketed throughout the 3 seasons: spring, summer, and fall. 
Livestock selling age (Table 7) is determined by several factors, including market value, 
Table 6. Sheep and goat marketing seasons in southeastern Morocco (% of total herds). 
Sheep Goats 
Season Male lambs Female lambs Male kids Female kids 
Fall 13.2 29.0 11.4 20 .0 
Winter 10.4 10.5 12.1 12.3 
Spring 37.5 27.6 33.3 27.7 
Summer 38.9 32.9 43 .2 40.0 
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producers' cash needs, and forage availability. When forage is abundant during wet years, lambs 
and kids grow faster and are sold at younger ages ( 4 to 6 months). During dry years growth is 
slowed, especially in non-supplemented herds, and selling age is older (12 months and more). 
Time of birth also determines selling period and age because it determines food availability and 
quality during the lamb's and kid's life cycles. 
In general, and as shown in Table 7, marketing age is variable and is dependent on the 
animal species and sex (P < 0.001 ). Only 30% and 7% of the surveyed producers sell their male 
and female lambs, respectively, at ages less than 6 months. These proportions are higher for kids: 
41 % for males and 12% for females . Kids are generally sold at younger ages to minimize 
pressure on the range when forage availability declines, but probably more so due to local meat 
preferences. Customarily kids are slaughtered at less than 6 months of age. Kids whose growth 
has been retarded due to lack of mother's milk are sold at older ages. Does are milked by the 
herders and as consequence, some kids have their growth stunted .. Large proportions of 
producers sell their male (44%) and female (55%) lambs between 10 and 18 months of age. On 
the other hand, 55% of ewes and 52% of does are kept in the herd for reproduction . Mature 
females are usually sold at 5 years of age or older. 
Table 7. Selling ages of sheep and goats in the Moroccan Pre-Sahara(% of total herds). 
Sheep Goats 
Selling age in months Males Females Males Females 
4-6 30.3 7.1 40.9 12.2 
7-9 25.0 15.0 29.6 17.4 
10-12 37.2 18.6 21.6 18.0 
13-18 5.3 4.4 5.1 0 
>60 2.1 54.9 2.8 52.0 
Total 100.0 100.0 100.0 100.0 
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In summary, all categories and ages of sheep and goats are present in the herds all year-
round and in large numbers. Thus, they are susceptible to shortages of food and water and low 
quality forage that characterize the area, especially, in late summer , fall, and winter. 
Water Points 
Watering livestock adequately is a persistent concern for livestock producers in arid 
zones. Distribution of water points in the landscape not only determines watering regimes and 
cost, but also dictates how the forage resource can be used and the consequences for land 
management and range condition . 
A total of 287 water points exist in the study area, and 210 were used by the surveyed 
producers. As shown in Tables 1 and 8, wells are the most abundant and the most commonly 
used water sources. Approximately 54% of the herds are watered at wells year-round . Rivers , 
which are also utilized year-round by 27% of the flocks, are the second most common water 
source for livestock . The other water sources in the area are springs, canals, lakes , and puddles . 
All factors--ecological zone , pastoral system and herd size--significantly affected the 
distribution of livestock among available water sources (P < 0.001 ). According to the data in 
Table 8, rivers and springs are utilized more in the mountains due to their greater availability . In 
the high plateaus, 79% of the herds are watered from wells. Density of water points in this area is 
approximately I per 9,300 ha, far below the recommended density of I per 2,000 ha (MARA 
1994). Underground water is limited in the high plateaus, but the main reason behind the low 
water points density in the area is socioeconomic . Land in the relatively productive high plateaus 
is subject to an advanced "appropriation" by socially and politically well-placed producers. 
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Table 8. Distribution of herds among different water sources in southeastern Morocco (% 
of flocks watered at each source). 
Eco logical zone: 
High Plateaus 
Mountains 
Plain 
Pastoral system: 
Nomadic 
Semi Nomadic 
Sedentary 
Herd size: 
Small 
Medium 
Large 
Total per source 
(% of herds) 
Well 
26.0 
8.6 
19.2 
7.3 
14.9 
31.6 
14.5 
2 1.1 
18.2 
53 .8 
River Spring Other sou rces 
3.4 2.7 0.7 
16.9 5.1 4.6 
6.4 0.5 5.9 
3.0 1.4 0.5 
7.8 2.9 0.5 
15.7 3 .9 10.3 
5.8 0.5 7.2 
9.7 3.5 3.6 
11.3 4 .3 0.5 
26 .7 8.2 11.2 
' HO = Distribution of herds among water sou rces is independent of zone, system of herd size 
P value" 
0.001 
0.001 
0 .001 
0.001 
Limiting further development of water points is used as a means , among many others, to prevent 
small producers from utilizing remote forage resources . Big producer s use their influence to 
forestall more water develo pment , particularly on the most productive ranges . This tactic , in 
effect , reserves these areas for the large producers who own trucks and are able to tran sport 
water for long distances . Canals , lakes , and puddles are utilized more by sedent ary and sma ll 
producers. These water points are also utilized in mountain s and plains , but they are of a very 
limited availability in high plateaus (Table 8) . 
Chiche ( l 995a), after conducting a nationwide study, reported that the nature of water 
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points utilized by livestock varied with stocking system and that water availability and quality 
largely dictate the stocking system employed. For instance, High Atlas pastoral livestock are 
mainly watered from springs and canals in the warm seasons and in barns with transported water 
in the winter, while Middle Atlas livestock systems utilize tank-conveyed water on the range. In 
the eastern part of the Rif mountains south of Doukkala and Abda, where water is sca rce and 
animals are watered individually, herd size does not exceed 10 animals (Chiche I 995a). 
The average number of water points utilized by herders throughout the year was about 
l.6/flock. This average varies with herd size (P < 0.0001) and pastoral system (P < .001 ). 
Nomadic pastoralists with large flocks used more water points than semi-nomadic and sedentary 
pastoralists or pastoralists owning small or medium-size-herds. Neither geographic zone nor 
interactions among the 3 factors was found to have a significant effect on the number of water 
points utilized by individual herders (Table 9). 
In terms of water quality , 92.4% of water points had fresh water with low salinity levels. 
With the exception of one surface stream, saline water was confined mainly to underground 
sources. 
Watering Frequency 
In general, in arid and desert environments animals are either short of forage, water, or 
both, especially in dry seasons. Depending on animal species, diet , season, and weather, herds of 
the study area were watered according to 13 distinct regimes that ranged from 3 drinks a day to 1 
drink every 20 days (Table 10). 
This study on livestock watering regimes was focused on sheep and goats. However , 
since the 2 species are common ly managed in mixed herds, survey results showed that the 2 
Table 9. Number of water points utilized per herd annually in the Moroccan Pre-Sahara. 
High plateaus Mountains Plains SP 
Ecological zone 1.5" 1.6° 1.6" 0.1 
Nomadic Semi nomadic Sedentary 
Pastoral system 2.2° l.6b l .4b 0.2 
Small Medium Large 
Herd size 1.2· I.Sb 2.oc 0.1 
•.b Values are least square means ; values within the same row bearing different superscripts differ 
significantly at P < 0.000 I. 
c Maximum standard error. 
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species are managed in a similar way. Hence, only results concerning sheep watering frequencies 
are presented in detail in this section . 
Data in Tables 10 and 11 and Tables A l-A8 in the Appendix show that except in winter, 
1 drink per day is the dominant watering frequency in the area . [n most cases, even when animals 
are foraging close to the water point, they are only allowed 1 drink every day. In the winter, 
however , l drink every other day is the predominant watering frequency . 
[n summer and early fall, most herds (varying between 3.6 and 21 %) are watered twice 
per day. Very few herds (0.5% of the total) are watered 3 times per day. This comparatively 
greater watering frequency has several explanations. When forage is of high salt content, animals 
are watered twice a day, year-round , and up to 3 times in summer. Animals being supplemented 
or fed fattening diets , as well as lactating females , are also watered between I and 2 times a day 
during the entire supplementation period , regardless of the time of the year. 
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Table 10. Watering frequencies practiced in the Moroccan Pre-Sahara(% of total herds). 
Watering Normal year Dry year 
Frequenc y Summer Fall Winter Spring Summer Fall Winter Spring 
3/d• 0.5 0.5 
2/d 17.9 3.6 1.4 1.4 21.1 0.5 2.7 1.4 
1/d 79.4 78 .5 30.0 58.3 77.1 83.4 39.9 7 1.3 
l/ 2d 1.8 13.0 49 .8 25. l 0.9 10.3 48.4 25. l 
l/ 3d 0.5 2.7 13.9 8.5 0.5 0.9 8.1 1.8 
l/4d 0.9 1.4 0.5 0.5 0.5 
l/5d 0.9 0.5 0.5 
l/6d 0.5 0.5 0.5 
l/7d 0.5 
l /8d 0.5 0.9 0.5 
1/l Od 0.5 1.8 
l/ 15d 2.3 
l/20d 0.5 
• 3/d = three drinks per day, l/2d = one drink every two days , l /20d - one drink every 20 days. 
A drink every other day is the third most practiced water regime . The proportion of herds 
allowed a drink every other day is highest in the winter (50%) , followed in order by spring 
(25%), fall (13%) , and summer (2%) . 
Although many considerations are taken into account when a herder decides to dr ive his 
flock to the water point , weather remains a major factor influencing this decision . When a herder 
Table 11. Significance of the effects of ecological zone pastoral system and herd size on 
watering regimes. 
Normal year Dry year 
Fall Winter Spring Summer Fall Winter Spr ing Summer 
Ecological zone ** ** ** NS NS ** * NS 
Pastoral system ** NS ** NS NS NS ** NS 
Herd size ** ** ** NS NS ** NS 
• Asterisk(s) indicate that watering frequency is statistically influenced by zone, system or herd size in the 
indicated season ; *= P < 0.05, ** = P < 0.01 , NS= statistically independent 
considers that his flock might be stressed, he will walk it to the water point regardless of the 
season. Therefore, during the entire summer and into early fall, herders always camp within I 
day's walking distance from water. 
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Differences between seasons are important in terms of the watering regimes, as well as 
the proportion of herds watered according to each one of these regimes. For instance , only 5 
water regimes are practiced in summer with the interval between drinks not exceeding 3 days , 
while a number of regimes with drinking intervals exceeding 11 days are practiced in spring. In 
spring when forage is lush, herds are sometimes grazed for up to 20 days without visiting a water 
point. 
In dry years, 99% of the herds are allowed at least a drink every 3 days year-round. 
However, seasonal differences in the distribution of water regimes among herds do exist. In 
summer, an important proportion of herders (21%) water their flocks twice a day, while in the 
winter animals are watered once every 2 (48%) to 3 days (8%) . 
Weather and the nature of the available food have a very heavy impact on livestock 
watering frequency, according to surveyed producers ' declarations. As temperatures get hotter 
and food dries up, animals are watered more frequently. Also as food salt and energy 
concentrations increase, the need for more abundant drinking rises. 
Seasonal Effects on Watering Frequency 
The effect of drought extent on livestock watering frequency is very important in the 
fall, winter, and spring. During wet years, practiced watering regimes are more diverse and as 
many as 11 unique regimes can be identified (Table 10 and Appendix A). In such years, when 
vegetation is green and rainwater puddles remain, livestock can go several days without visiting 
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a water point. In dry years, however, livestock tend to drink every day or every other day. 
In summer, types and number of watering regimes practiced remain identical, 
independently of drought extent. Moreover, in this season, the same number of herders practice 
each of these regimes in normal and dry years alike. This neutral effect of drought extent is 
probably due to the already high livestock watering frequency in summer (97% visit a water 
point one or more times per day) and the decline in water availability (Fig. 2). The high watering 
frequency practiced in this area, as well as in several other areas of Morocco (Chiche l 995b), is 
in conflict with recommendations made by several authors (BCEOM-IEMVT 1969, Serres 1980, 
F AO 1986), concerning intermittent watering during hot summers in arid regions . These 
recommendation were based on livestock activity budget studies, which showed that 
intermittently watered flocks spent more time grazing, ruminating and resting than those watered 
once every day . According to these authors, animals watered once per day spent a longer time 
walking (8.5 vs 4.5 hours). 
Zone, Pastoral System, and Herd Size Effects 
on Watering Frequency 
In summer, ecological zone, pastoral system, and herd size seem to have no significant 
effect on livestock water regimes in either normal or dry year. Under such conditions all herds in 
rule is during winter and spring where flocks on the plains are watered more frequently, due to 
higher temperatures that characterize plains as compared to mountains and high plateaus . Larger 
herds are also watered less frequently in spring of dry years. the entire study area are watered 
alike (Table 11 and Tables A l-A8). The only exception to this rule is during winter and spring 
where flocks on the plains are watered more frequently, due to higher temperatures that 
characterize plains as compared to mountains and high plateaus. Larger herds are also watered 
Fig 2. Seasonal watering frequencies for small ruminants in the Moroccan Pre-Sahara. 
less frequently in spring of dry years . 
In the fall , winter and sprin g of normal years , ecological zone , pastoral system and herd 
size all influence the way livestock are watered . In these seasons , sedentar y, mountain and small 
flocks tend to be watered more frequently than the other categories. The less frequently watered 
herds are the larger ones , belonging to nomadic producers , or those raised on the high plateaus 
(Table 11 and Tables Al-A8). 
Extent of Meeting Livestock Water Needs 
As a part of the survey , the degree of pastoralists ' satisfaction with his livestock 
watering sources and variation of this satisfaction with rainfall and season were assessed . 
Pastoralists were asked to estimate the extent to which their flocks ' water needs are met in each 
64 
season and in dry and nonnal years. Variation of this variable with ecological zone, pastoral 
system, and herd size was also determined. Its estimation provides insight into the way available 
infrastructure and current management strategies meet the perceived water needs of livestock. 
The extent of meeting livestock water needs varies between 50% and I 00% (Table 12). 
The overal I average is 97%. The proportion of herds receiving their total perceived needs ( I 00%) 
exceeds 88% in the fall, winter and spring (Table 12). In summer, however , this proportion 
decreases to 73%. This is due to the increase in the animals' water requirements and decrease in 
water availability, which characterize these regions during dry seasons and droughts. 
Drought extent, season, ecological zone, pastoral system, and herd size all affect the 
extent to which livestock water needs are met (P < 0.05). This variable is higher in nonnal years, 
in cooler seasons, on the high plateau ranges, for herds raised by sedentary pastoralists , and for 
small herds. It is lowest in dry years and dry seasons, plains, medium sized herds, and nomadic 
herds (Fig. 3). These variations are directly related to water and forage availability . When forage 
availability decreases, animals are compelled to walk long distances to graze and may not have 
time to visit the water point during the same day. When water availability is limited in dry 
periods , larger herds and herds relying primarily on range forage tend to undergo some degree of 
water restriction. Many producers try to avoid this restriction by using trucks to transport water 
Table 12 Proportions of herds drinking to different extents to meet their water needs. 
Extent of Normal year Dry year 
meeting 
water needs Fall Winter Spring Summer Fall Winter Spring Summer 
50-70 % 3.1 0.4 0.0 6.7 6.7 0.9 l.3 16.9 
71-80 % 3.6 0.9 1.8 9.8 4.9 3.6 4.9 9.8 
81-100 % 93.3 98.7 98.2 83.6 88.4 95.6 93.8 73.3 
100 
98 
96 
94 
~ ::th,il = t • =bl= I :l =I a Normal year . 11Dry year 
BB 
86 
84 
82 
Fall Winter Spring Summer 
Season 
Fig 3a. Extent to which seasonal livestock water needs are met 
as affected by drought. 
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for their flocks and continuous water development is achieved in the area , even though the rate 
of this development and distribution of the new water points require improvement . 
Distances Traveled to Water Points 
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The overall average distance between camping sites or houses and water points in the 
study area is 4.6 ± 0.3 kilometers (Table 13). This distance is within the interval 0-5 km range 
considered satisfactory by Moroccan Ministry of Agriculture (MARA 1994). However , the 
frequency distribution of distances traveled by herders presented in Fig. 4 shows that 28% of 
herders are located farther than the recommended distance from water sources. Some of the more 
remote pastoralists may transport water up to 40 km by tank truck. In the neighboring region of 
Oriental High Plateaus, this distance averages 19 km and also reaches a maximum of 40 km 
(Filali 1996). 
Variation of distance from water was not different from season to season and between 
normal and dry years . This finding is quite surprising , because one would think that herds should 
move closer to water in hot seasons and dry years. One of the reasons might be related to 
restriction on movements imposed by sedentarization of a large proportion of pastoralists on 
Herds ' movements . This aspect, however, needs further investigation . 
Nevertheless, variation of distance from water with ecological zone , pastoral system, and 
herd size is highly significant (P < .000 I) . Table 13 shows that mountain , sedentary , and small 
herds tend to camp and graze within a maximum distance of 3 km from water , while flocks of 
the high plateaus , transhumant pastoralists, and large herds are, on average, at least 6 km away 
from the closest water point. The reason behind long distances of high plateaus pastoralists , 
especially those among them owning small herds , is related to large producers preventing further 
Table 13. Distance traveled to water (km): Interaction effects of ecological zone with 
pastoral system and herd size. 
Ecological 
zone: 
High plateaus 
Mountains 
Plains 
Pastoral 
system: 
Transhumant 
Sedentary 
Average 
Pastoral system 
Sedentary Transhumant 
4.3 ± 0.3• 10.3 ± 0.4b 
2.4 ± 0.2 3.2 ± 0.7acd 
3.3 ± 0.4d 7.0±0.4c 
3.3 ± 0.2A 6.8 ± 0.38 
Herd size Avg .I 
Small Medium Large Zone 
8.0 ± 0.6• 5.6 ± 0.3b 8.3 ± 0.4• 6.5 ± 0.2• 
1.9 ± 0.9d 2.4 ± 0.5d 4.0 ± o.4c 3.0 ± 0.2b 
1.6 ± 0.5d 5.9 ± 0.4b 7.8 ± o.sa 4.5 ± 0.2• 
1.5 ± 0.3• 4.0 ± 0.3b 4.4 ± 0.4b 
6.1 ± o.4bc 5.3 ± o.4bc 9.1 ± 0.3d 
l .7± 0.3c 4.7 ± 0.2° 7.2 ± 0.2E 4.6 ± 0.3 
•.b.c,de.A.Bc.o.E Values are least square means .:±: standard error; values within the same column factor or 
averages within the same factor bearing the different superscript are, statistica lly, different at P < 0.05. 
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water development is these regions, as mentioned earlier. 
Interactions between ecological zone, system, and herd size, as shown by Table 13 and 
Fig. 5, are also significant (P < 0.001). Transhumant herders tend to trek their herds or truck 
water farther distances when the ecological zone under consideration changes from mountains to 
plains to high plateaus , and as herd size decreases. Furthermore, and as illustrated in Fig. 5, 
while distance from water increases as herd size increases in mountains and plains areas , in high 
plateaus medium-sized herds tend to be those nearest to water as discussed on p. 63. The most 
likely reason behind this phenomenon is the "appropriation" of the land in this area , and lower 
water point densities, which together confine small producers in areas with less water and limited 
forage . However, large herds of transhumant , high-plateaus pastoralists are on average the most 
distant from water (10.3 ± 0.4 km), whereas small sedentary herds of the plains are , on average , 
less than 270 m away from water sources . This category of producers generally practices 
agriculture in small farms, which explains heir settlement next to water sources . 
Distance from water can therefore be considered satisfactory for the great majority of the 
study area flocks . However , an important effort remains to be made to improve the watering 
situation of28% of the flocks that still have to travel more than 5 km a day (10 km round-trip) to 
drink. 
Water Transportation: Beneficiaries, Means, 
Volumes and Costs 
To satisfy their thirst, animals are either walked to the water point, or drinking water is 
transported to the pasture or the camp. I have discussed in the earlier sections various aspects 
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concerning watering of livestock at the water point. In this section I will focus on aspects related 
to water transportation. 
Animals Benefiting.from Water Transportation 
The proportion of herds drinking entirely at permanent water sources is 23% of total 
surveyed herds, with the remaining 77% flocks using, either partially or entirely , transported 
water. Flocks wholly watered by transported water represent only 13% of the surveyed sample . 
About half of these flocks (53%) are sedentary herds of small size (less than 32 animals) that use 
water transported manually (human power, 73%) or by donkeys and mules (Table 14). 
Transportation of water for use by large and medium size herds is accomplished by trucks , 
animal-drawn carts, and pack equines. Flocks watered entirely by transported water are kept 
mostly in the plains rangelands (67%) and high plateaus (23%). 
Flocks only partially watered by transported water represent 64% of surveyed sample. 
Some animal categories are walked to the water point and the remaining are watered on the range 
or at home. Young lambs and kids are not allowed to graze with their mothers before the age of 3 
months to protect them from predation and disease. Therefore, respective proportions of 95% 
and 98% of lambs and kids less than 3 months of age are watered around the camp 
using transported water. These proportions are independent of ecological zone, pastoral system , 
herd size, or season. The other categories that benefit from transported water are sick animals , a 
few milking females, and fattened lambs. These categories represent only 5% of total livestock 
of the area, and do not exceed an average of 1.6 animals per herd per category. These categories 
of animals are care-demanding and are kept at home or in the pen both for surveillance and to 
provide them with better food and abundant water. Their number is not related to ecological 
zone , pastoral system, or herd size, except for milking ewes and fattened lambs, which are more 
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watered in the camp by transhumant producers raising large flocks in the high plateaus (Table 
15). This category of livestock producers is known in the region to have better resources 
management skills. 
Water Transportation Methods 
Equines, especially donkeys and mules , and a few dromedaries are used most to 
transport water. Utilization of different methods of water conveyance is highly dependent of 
ecological zone, pastoral system and herd size (P < 0.001 ). The proportion of producers using 
animal power for this task approaches 73.2% equines are used mostly by sedentary pastoralists , 
followed by semi-nomadic, and, lastly, by nomadic herders. They are also utilized in larger 
Table 14. Characteristics of herds wholly watered by transported water. 
Transp. 
Ecological zone Pastoral system Herd size method % Herds Avg. herd size 
High plateaus• Transhumant Medium Trucks 10.0 124.3 
Equines 3.3 86.0 
Small Equines 3.3 32.0 
Sedentary Large Trucks 6.7 292.0 
Mountains Sedentary Small Human power 6.7 15.0 
Equines ., ., 155.0 .),.) 
Transhumant Medium Equines 3.3 111.0 
Cart + equines 3.3 119.0 
Small Cart + equines 3.3 245.0 
Plains Transhumant Small Trucks ., ., .),.) 202.0 
Cart+ equines ., ., 216.0 .) , .) 
Sedentary Medium Cart + equines 3.3 116.0 
Equines 6.7 91.5 
Small Human power 40.0 19.8 
, Livestock categories not represented in this table do not haul water to water their livestock. 
Table 15. Camp-watered animals (average number of heads per herd). 
Sick Sick Milking Milking Fattened Standard Avg. herd 
sheep goats ewes goats animals errorc size 
Zone: 
High plateaus 0.6 0.3 7J b 0.4 3.8b 1.8 148.7 ± 18.5 
Mountains 2 .5 0.8 1.4 0.0 0.6 1.7 152.5 ± 13.8 
Plain 0.9 1.0 0.0 0.0 0.0 2.1 107.9 ± 13.1 
System: 
Nomadic 0.9 0.5 16.7b 0.3 1.0 3.0 243 . 1±39.l 
Semi nomadic 1.3 0.9 3.3 0.3 4.8 2.0 180.2 ±17.4 
Sedentary 1.6 0.6 0.2 0.0 0.2 1.3 97.5 ± 8.0 
Herd size: 
Small 0.2 0.0 0. 1 0.0 0.0 2.1 24 .7 ± 1.6 
Medium 1.5 0.5 0.2 0.0 0.0 1.7 98.9 ± 3.0 
Large 2.3 1.3 8.5b 0.3 4.5 1.7 268.8±3.0 
General 0.78 6.78 1.3 137.0 ~ 3.0 
average 
• •. b.A .8 Values are least square means ; values within each factor (Ecological zone , Pastoral system or herd 
size) bearing different superscripts are statistically different at P < 0.05. 
c Maximum standard error . 
proportion by medium and large flock owners and in the mountains and high plateaus . Equines 
are less used in the plains (Table 16). 
The overall average number of equines owned by a producer in the area is 3 .5 an imal s, 
with a maximum of 15 animals. This large population of donkeys and mules is used for water 
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and tent transportation and to some extent for agricultural work . Equines , especially donkeys , put 
a huge pressure on the rangeland forage resource and cause severe vegetation degradation , 
especially to the alfa grass stand. Developing more water points for livestock , or using more 
trucks for transportation may result in a decreased need for this large equine population and 
thereby benefit the range resource and its related livestock species. 
Equine numbers in the area increase with herd size, with sedentarization , and as we go 
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Table 16. Variation of transportation methods in the study area(% of total herds). 
Method of Ecological zone Pastoral sys tem Herd size 
Transport 1--1. Plateau s Mtn. Plain Tran shum ant Sedentary Small Med ium Large 
Equine s 23.2 30.4 19.6 31.7 41.5 15.2 29.9 28.1 
Truc ks 7. 1 0.0 1.3 5.8 2.7 0.0 3 .6 4 .9 
Human Power 2.3 5.4 10.7 0 .9 17.4 12.5 4.2 l.8 
To tal 23.6 35.7 31.7 38.4 61.6 27.7 37.5 34 .8 
from plains to high plateaus to mountain ranges (Table 17). Interaction between ecological zone 
and herd size has the strongest effect on equine numbers owned by households (P < 0.01 ). 
Equines are more abundant in association with large flocks raised in the higher elevation ranges 
and are less abundant in small flocks of the plains (Table 17). 
Trucks recently have been introduced in the area and are becoming increasingly common 
as a means for transporting water, as well as livestock. Owning a truck is a matter of prestige in 
the area. However , it is also becoming a necessity for large producers. Yet , truck s are used by 
Table 17. Variation in equine population per household in relation to ecological zone , 
pastoral system, and herd size. 
Herd size Pastoral system Average Standard 
Small Medium Large Transhumant Sedentary Per zone errord 
Ecological zone: 
Eigh plateaus 5.2• 3_3bc 4.4abc 4.2• 4.3• 4 ~· ,.) 0.5 
t-.lountains 2.2bc 3.6•b 5.2· 3.6ab 3.9• 3_7ab 0.6 
Plains I .SC 2.9bc 4.2ab 3.2•b 2.5b 2.9ab 0.5 
Pverage 3.o• 3.7• 3.6• 3.s• 0.5 
•.b' Values are least square means ; values within factors (herd size or pastoral system ) interactin g with zo ne bearing 
diferent superscripts are statisticall y different at P < 0.05. 
d l\,aximum Standard Error of the mean. 
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only 8.5% of pastoralists, especially those who own medium and large flocks of the high 
plateaus (Table 16). 
Manual transportation is used where very short distances are involved (Table 18), and is 
practiced essentially by small sedentary producers of the plains zone (Table 16). In terms of 
variation of transportation method in relation to distance from water, mechanical , animal, and 
human power , respectively, replace each other as distance increases (P < 0.00 I). When water is 
less than 4 km distant from the camp or the house, human power and equines are most utilized. 
As distance increases, carts and trucks as well as tractor-pulled tanks are utilized (Table 18). 
Equipment used to transport water on equines may be either plastic barrels or portions of 
truck inner tubes. Inner tubes formed into bladders are modified in ways to be easily handled and 
transported on donkeys' and mules' backs. They have capacities of 30 to 35 liters for donkeys 
and 50 to 65 liters for mules and dromedaries . Each animal carries 2 to 3 barrels or inner tube 
bladders, depending on distance to be walked. Truck-hauled and tractor-pulled steel tanks have 
capacities varying between 2,000 and 5,000 liters. Tanks of similar capacity or occasionally the 
transport tanks themselves are used for water storage and distribution to livestock on the range. 
Cart tanks carry 1 metric ton (1,000 liters) of water. 
Table 18. Variation of water transportation methods with distance from water (% of total 
herds using each means). 
Distance from water Trucks Equines Human power 
< 1 km 0.2 20 .7 17.0 
1.1 - 4 km 2.0 25.2 0.7 
4.1 - 6 km 1.2 9.9 0.7 
6.1 - 10 km 2.0 11.3 0 
>!Okm 3.1 6.1 0 
Total 8.5 73.1 18.4 
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Daily Number of Trips Needed to Convey Water 
The number of daily trips taken by herders or family members to convey water for 
livestock and household use has an overall average of 0.9 ± 0.0 times . This number varies 
significantly with season , ecological zone , pastoral system , herd size, and water transportation 
method. Interactions between these factors also vary (P < 0.0001 ). However, drought extent has 
no significant effect on this variable (Table 19). 
Number of trips to convey water is higher in summer than in the other season. Except for 
small herder and herds in the high plateaus, producers have to convey at least 1 water load per 
day in summer, due to higher water demand . Number of trips to transport water to livestock 
increased with herd mobility , with herd size and is greater in the mountain ranges than in the 
high plateaus or in the plains (Table 19). Also , as the capacity of transportation method 
increases , the number of trips to convey water declines. This number is smallest for trucks (0 .5 
times) and greatest for equines and carts (1.6 times). Distance from water points has a negative 
effect on number of trips to water (Table 20). As distance increased , number of trips 
accomplished by equines, carts , and trucks declined . Pastoralists in this case chose the method 
w ith the largest possible capacity and carried water approximately once every 2 days. Truck 
rental for water transportation is often used in the area . The effects of transportation method and 
distance from water on the number of trips bringing water to range and camp or home site, as 
well as their interactions , were highly significant (P < 0.001 ). 
Volume of Transported Water Per Household 
The overall daily volume of transported water to pasture , camp or house averaged 347 
liters. This water is used for both human and livestock consumption . Transported water volume 
varies considerably with transportation method, season, ecological zone, and herd size (P values 
Table 19. Variation of number of trips needed per day to transport water with season, 
ecological zone, pastoral system, and herd size. 
Fall Winter Spring Summer Year average Standard errorg 
Herd size: 
Small 0.6fg 0.6r 0.6efg 0.8deg 0.6b 0.1 
Medium 1.o•c 0.8de 0.9ad l .3b 1.oa 0.1 
Large I. Ic 0.9ad 0.9ad IJ b 1.0· 0.1 
System: 
Nomadic 1.ocef 0.9abcf 0.9acdf l .5d I . I• 0.1 
Semi-nomadic 0.9acf o.8•b 0.8abf l .2e 0.9b 0.1 
Sedentary 0.9abf 0.7b o.8•b ] . ] ce 0.9b 0.1 
Zone: 
High plateau o.8•b 0.6• 0.7• 0.9bc 0.8• 0.1 
Mountain I. Id 0.9bc 1.ocd 1.5 ° I.Ob 0.1 
Plain 0.8" 0.7• 0.7• 1.ocd o.8• 0.1 
Seasonal average 0.78 0.9 0.0 
•.b.c,d.e.r.A.B.c Values are least square means; values within factors (herd size p. pastoral system or ecological
zone) bearing different superscripts are statistically different at P < 0.05. 
s Maximum standard error. 
Table 20. Variation of number of trips to convey water per transportation means and 
distance from water. 
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Distance from water Equines Trucks A vg./Distance Standard error 
< I km l .4d o.oe 0.7•b 0.1 
l. l to 4 km 1.2· 0.6b 0.9" 0.1 
4.1 to 6 km 1.oc o.4be 0.7b 0.1 
6.1 to 10 1.1 ac o.2e 0.7b 0.1 
>lOkm 1 . J ac 0.7b 0.9• 0.1 
A vg./transportation method 1. i a 0.4b l. 1 0.1 
•.b.c Values are least square means; values bearing different superscripts are statistically different at P <
0.05. 
d Maximum standard error of the mean. 
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< 0.00 I). Variation between normal and dry years was not significant. Producers using trucks 
and carts transport very large quantities of water, as most of them use it to water their entire 
herds. Average daily volume transported by truck was 1460 ± I 07 liters, whereas equines convey 
much smaller quantities approximately 238 ± 11 liters per day (Table 21). Seasonal variation 
was also highly significant (P < 0.000 I). More water is conveyed during summer and fall due to 
higher temperatures and higher water requirements. Furthermore, interaction between season and 
method of transportation affects the volume of conveyed water (Table 21 and Fig. 6). While the 
volume of water transported by equines remains at the same level during fall, winter, and spring, 
and increases only during the summer, trucked water volume severely decreased in spring and 
winter and was high in both fall and summer. 
Producers in the mountain ranges and sedentary pastoralists tend to transport very small 
volumes of water when compared with the other categories (Table 22). Daily water volumes 
transported by transhumant herders raising large flocks are the greatest (660 ± 29 liters). The 
effect of herd size on daily water transport is very significant (P < 0.000 I). As herd size in 
transhumant flocks increases from small to medium to large, transported water increases also 
from 199 to 311 to 660 liters per day, respectively. 
Table 21. Variation of transported water volume per season and method of transportation 
(liter/day). 
Fall Winter Spring Summer A vg./method 
Equines 241 ± 21' 192 ± 16• 198 ±16• 321±29f 238 ± 11 • 
Trucks 1530 ±224• 921 ± 102° 1250±2l d 2110 ± 229e 1460 ± 107b 
Average 3353± 338 255 ± 20A 250 ± 29A 486 ± 43c 347 ± 16 
•.b,c.d Values are least square means.± standard error; values bearing different superscripts are statistically 
different at P < 0.05. 
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Fig. 6. Effect of interaction ofseason and transportation method on volume of transported 
water. 
The average per-head transported water served to livestock was determined by dividing 
the total volume of water distributed by the total number of camp-watered animals. The average 
per-head transported water ranged from 0.75 to 4.0 liter, with an average of 1.72 ± 0.15 liters per 
day. Variation of this variable is certainly related to the types of recipient livestock, which all 
have different water requirements, depending on age, weight, physiological state, and also on 
Table 22. Variation of transported water volume per zone, system, and herd size 
(liter/day). 
System: 
Herd size: 
E. zone:
High plateaus 
Mountain 
Plain 
Average 
Small 
140 ::':. 113ab 
175 ::':. 195"b 
280 ::':.138abd 
198 ::':. 88AB 
Transhumant 
Medium 
297 ::':. 53"'1 
124 ::':. 97ab 
514 ::':. 59'1
311 ::':. 42A 
Large Small 
893 ::':. 55' 123 ::':. 62b 
179 ::':. 46ab 47 ::':. sob 
907 ::':. 51' 89 ::':. 62b 
660 ::':. 29' 860 ::':. 39c 
Sedentary 
Medium 
377 ::':. 4900 
151 ::':. 43ab 
506 ::':. 80' 
344 ::':. 34A 
Large 
308 ::':. 65ad 
190 ::':. 54ab 
348 ::':. l 3'd 
282 ::':. 54A 
•.b,c.ct.A.B.c Values are least square means.± standard error; values bearing different superscripts are
statistically different at P < 0.05. 
Average 
403 ::':. 723 
156 ::':. 110 
531 ::':. 765 
347 ::':. 16 
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weather. Young lambs (less than 3 months of age) consume the smallest amounts of water due 
to their size and to the fact that they still suckle their mother's milk. Variation of per-head daily 
water consumption was statistically independent of ecological zone, pastoral system, or herd 
size. 
Cost of Water Transportation 
The approach used to estimate out-of-pocket water cost takes into account direct 
expenditures, especially energy consumed either by animal or mechanical power. For equines, 
only the amount of barley consumed was considered. Animals themselves reproduce and are not 
considered redeemable. For trucks, the amount of gasoline and lubricant used to pump and 
transport water, as well as fixed costs (insurance, taxes, depreciation), were calculated as a per­
use expenditure, and considered for calculating the cost of water transported by truck. Truck 
rental for water transportation is often practiced in the area, for a price of l 00 DH (US$ I 0.00) 
per 5000-liters tank along a distance of approximately 6 to IO km. This variant was also included 
in calculating water cost. Labor for water transportation, which is about 100% domestic, was not 
taken into account, nor was range forage consumed by equines. Therefore, these cost estimates 
are extremely conservative. 
The out-of-pocket cost of water transportation averaged 0.027 ± 0.00 DH per liter. It 
varied within a range of 0.006 to 0.091 DH (Table 23). This cost is comparable with the price 
charged to consumers in the neighboring rural and urban areas, which varies between 0.0023 
DH/liter and 0.0058 DH/liter (ONEP 1997). However, the cost of trucked water is 15 times 
higher than the maximum paid by neighboring rural and urban areas. 
Water cost was independent of drought extent or season of the year, but the method of 
transportation, however, affected cost (P = 0.0001). Water transported by mechanical power 
Table 23. Variation of water cost per season and transportation method (DH/liter). 
Method of 
transport 
Equines 
Trucks 
Cart + equines 
Truck + equine 
Average 
Fall 
0.026b 
0.57er 
0.009' 
0.091 ct 
Winter 
0.033c 
0.093" 
0.0 l l"b 
0.061 def 
0.0388 
Spring 
o.o 1 o·
0.078df
0.006'
0.073df 
Standard 
Summer A vg./method errorg 
0.023b 0.023" 0.002 
0.042ce 0.067b 0.007 
0.006" o.oosc 0.004 
0.08J df 0.076b 0.012 
0.024A 0.027 0.007 
:i,b.c.d.c.f.A. B. Values are least square means; values bearing different superscripts are statistically different at P< 0.05. 
g Maximum standard error of the mean. 
(0.07 DH/I) is more costly than water transported by equines (0.02 DH/I). The superiority of 
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equines comes from the "cost-free" range forage (energy) they consume and the fact that they are 
typically homegrown and not purchased (Table 23). 
Variation of water cost with ecological zone, pastoral system, and herd size was also 
significant (Table 24). Herders in the high plateaus, who prefer to transport water from farther 
distances and avoid more water development, spend more money for water (0.0361 DH/I). 
Mountain producers spend the least per liter (0.015 DH) due to the availability of surface water 
in springs, rivers, and canals, and they use mainly equines for transport. Transhumant pastoralists 
transport water at a higher cost (0.032 DH/I) than do sedentary pastoralists, probably due to their 
choice of mechanical means for water transportation, and to larger herd sizes. 
Flock size also affected cost. Owners of large herds pay more for their water than small-
herd owners. Middle-size herd owners pay the least. Producers who own intermediate size flocks 
rely more on equines than on trucks, which reduces costs. 
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Table 24. Variation of water cost per ecological zone, pastoral system, and herd size in the 
Moroccan Pre-Sahara. 
Ecological zone Pastoral system Herd size 
Method of High Transhu- Seden-
Transport Plateaus Mtns. Plains man ts tary Small Medium Large SEd 
Water cost 
(DH/I) 0.036• 0.036' 0.036' 0.036• 0.036• 0.036' 0.036' 0.036a 0.036• 
Expenditures 
(DH/day) 13.96 9.27' 11.29• 3.02' 14.15' 
a.b.c Values are least square means; values within each factor (E. Zone, P. system or herd size) bearing
different superscripts, are statistically different at P < 0.05. 
d Maximum standard error of the mean. 
Daily expenditures for water transportation average 8.32 ± 1.30 DH per household 
(Table 25). This value changes according to transportation means, season, ecological zone, 
pastoral system, and herd size, but not drought extent. 
1.21 
Tables 24 and 25 show that expenditures for water increase with herd mobility and size. 
Producers spend less money for water in mountain areas (2.10 DH/day) and most in the high 
plateaus ( 13 .96 DH/day). Truck use increases expenditures for water transportation dramatically 
Table 25. Variation of spending for water transportation with season and transportation 
method (DH/day). 
Methods of Avg./ 
transport Fall Winter Spring Summer method SEh 
Equines 4.40b 4.30b 1.75h 4.6l
b 3.76 0.60 
Trucks 76.77f 76.77f 85.298 87.048 81.47 2.24 
Cart+ equine 11.00· 11.00· 6.67ab 11.00· 9.91 2.74 
Truck+ equine 37.75d 23.50' 22.75' 52.00· 34.00 3.87 
Average 26.QQA 23.14A 23J9A 30.94
8 8.3 !JO 
a.b.c.d.c.f.g.A.B Values are least square means; values bearing different superscripts are statistically different at P < 0.05.
"Maximum standard error of the mean.
(81.4 7 DH/day) in comparison with when equines are utilized for this task (3. 76 DH/day). 
Expenditures increase in summer. 
Household Water Consumption 
Water volume utilized by households was estimated by surveyed producers. Water for 
human consumption comes either from the same source as for livestock, or from more distant 
sources. Human water is brought from distant sources when the animals' water source is 
considered salty or unfit for human consumption. 
Average daily household water consumption in the study area was 96.0 liters. When 
adjusted to a per capita basis, this average becomes 13.2 liters. This value is very low when 
compared with per capita consumption in neighboring rural and urban areas reported at 25 and 
80 liters per day, respectively (ONEP 1997). The norms utilized by the local water distribution 
agency to meet rural and urban population water needs are estimated to be, respectively, 50 and 
between 80 to 100 liters per inhabitant per day. When rural areas are served from collective 
water distributors, their needs are estimated around 20 to 30 liters per inhabitant per day (DRH 
1995). 
Daily per-capita water use in the area is not influenced by drought extent, ecological 
zone, or pastoral system. However, it varies with family size, season, water transportation 
method, and herd size (P values of 0.0001, 0.000 I, 0.0001, and 0.05, respectively) (Tables 26 
and 27). 
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Small families with less than 5 members use the largest volume of water per capita per 
day (19.7 liters). Large families containing more than 10 members use 50% of this volume (only 
9.8 liters). Intermediate-size families consume little water per capita (12.7 liters) (Table 27). 
Pastoralist families owning medium-size flocks consume more water per family member 
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Table 26. Variation of per capita household water with season and transportation method 
(1/day). 
Methods of Avg./ 
transport Fall Winter Spring Summer method SEh 
Equines 12.0bf I0.6br 10.9ab 17.0ab 12.6b 0.60 
Trucks 14.7ab 14.6ab 15 .4ab 23.0cS 16.9ar 
Cart+ equine 17.0a' l 4.4ab 15.S'b 25.9c' 18.2ar 
Truck+ equine 12.9ab 12.2ab 12.Sab 23. lce 15.Jab 
Human power 12.0bf 11.Jbf 11.Jbf 19.oac 13 .4bf 
Average 13Y 12.f r"' IJ.2A 21.68 13.2 
a.b.A,s Values are least square means; values bearing different superscripts are statistically different at P < 0.05.
c Maximum standard error of the mean.
2.2 
3.2 
3.6 
2.5 
1.2 
than their counterparts with small and large sized herds. Nomadic pastoralists also use more 
water than sedentary or semi-nomadic pastoralists, and the difference was more significant as 
family size decreased. Households raising livestock in the plains consume about double the 
volume of high plateau and mountain households. When herds are small, plain household's 
consumption is multiplied by a factor of 4.6. This higher water consumption is due to water 
abundance, since most of the small plain producers are sedentary farmers who practice 
agriculture on a small scale (Table 27). In summer, daily water consumption increased 
considerably from 12.6-13.7 liters to 22.6 liters per capita. This increase is certainly related to 
increased water needs due to high ambient temperatures. Families using equine and human 
power for water transportation used less water per capita (12.6 and 13.4 liters/day, respectively) 
than those using trucks (16.9 liters). Families using both carts and equines consume the largest 
water volumes ( 18.2 liters/capita/day). 
Table 27. Variation of per capita household water with family size, ecological zone, pastoral system, and herd size 
(liter/person/day). 
Herd size Pastoral system Ecological zone 
Family 
size Small Medium Large Nomadic Semi-nomad Sedentary High plateau Mountain Plain 
Small l 7.6c 18.9c 8.4ab 28. lb 12_9cx1 18. J• 16.9' I 3.4b 51.6' 
Medium 11. oac 12.66• 14.16 13.4cx1 13.6' 12_4cx1 13.4b 12.9b I l.8bd
Large 6.8b 9.7ab 10.2,b 9.odc 9.o· 8.o· l l.5bd 9_7dc 8.2· 
Average I J.8A 13.78 l0.9A 17.5A 11.88 12.88 J3.9A 12.08 23_9c
a.b,,,d,c,A.9.c Values are least square means; values bearing different superscripts in each factor are statistically different at P < 0.05.
Average per 
family size 
19.71 
l2.7b
9.8c
13.2 
Maximum 
standard error 
1.3 
0.6 
1.4 
0.6 
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Conclusions 
In arid southeastern Morocco, like in most parts of the country, livestock management 
practices vary with ecological zone, production system, and herd size. However, the common 
trait between all these variations is the presence of all livestock categories on the range year­
round. All of them are consequently subject to food and water shortages, which characterize the 
area, especially in late summer, fall, and winter. Producers in the Moroccan Pre-Sahara sell the 
maximum of their available lambs and kids in the late-spring-early-summer period to reduce 
forage needs, but their efforts are limited by late births. 18% of the lambs and 28% of the kids 
are born in spring and summer and are, consequently, not sold until fall or winter seasons. 
Important proportions of lambs (42%) and kids (27%) are kept in the herd year-round. 
The proportion of herds meeting their complete water needs is estimated to be around 
88% in the winter, spring, and fall, but it drops to 72% in summer. Hence, in this dry season, 
animals either visit a water point every other day (2%), or are not allowed to drink to their satiety 
because of water shortage at the water source (2 7% ). 
Most livestock in the area drink once per day. Only in the winter are animals typically 
watered every other day. Nevertheless, depending on the season and climatic conditions, 13 
watering regimes are practiced in the area, ranging from 3 drinks a day to I drink every 20 days. 
In hot and dry periods, animals are watered from l to 3 times a day, and when water is too 
distant, they receive a drink every 2 days and sometimes even every 3 days. The most frequently 
watered herds in the dry and hot season are those raised in the mountain areas, those belonging to 
sedentary producers and small flocks. 
The overall average distance between camps or houses and water points is 4.6 km. This 
distance is at the upper level of the 0-5 km range recommended by the Moroccan Ministry of 
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Agriculture . However, about 28% of producers are more than 5 km from water, and some are up 
to 40 km from water. It is also important to point out that the long distances separating producers 
of the high plateaus from water sources are, to a large extent, due to a strategy adopted by large 
producers to forestall further water development in the area, and thus exclude small herders from 
usmg some ranges. 
Flocks are either watered at natural or developed water points or drink transported water. 
Equines, especially donkeys and mules, are the most often used means of water transportation in 
the area. However, trucks are becoming more prevalent as a substitute for animal power , in spite 
of higher cost. 
The overall cost of water transportation in the area averaged 0.0270 DH per liter and 
may reach 0.091 DH. This cost is comparable with the rate charged in neighboring urban areas of 
0.002 DH per liter when water is transported by equines, but when trucked, the price is 3 times 
higher. The cost of water transportation was higher in the high plateaus, for transhumant 
pastoral ists and for large herds . 
Daily per capita water use averages 13.2 liters. This volume, which varies with family 
size, season, water transportation method , and herd size, is very low when compared with 
neighboring rural and urban areas, where per-person daily water consumption is approximately 
25 and 80 liters, respectively. 
From this brief summary, I conclude that about a third of livestock in the study area 
suffer from a shortage of drinking water, especially in the dry season (late summer early fall). 
The reasons behind this situation are, essentially, related to low water point density , resulting in 
extended distances traveled to water livestock. It is consequently important to develop more 
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water points in areas of low density to satisfy livestock as well as human demand and to improve 
land management. 
More water development should also reduce equine populations. Equines are the most 
utilized and cheapest mean of water transportation for pastoralists, but they are very expensive 
considering the amount of range forage they consume and the damage they cause the 
environment. Some research is needed to evaluate this impact. More water development will also 
improve livestock distribution on the range. However , water development also has negative 
effects through degradation, which occurs in the areas immediately around water points . An 
adequate range management based on well designed and properly implemented rotation schemes 
could prevent this problem and tum water development into a completely positive action and 
management tool. 
Several authors (BCEOM-IEMYT 1969, Serres 1980, F AO 1986) , based on livestock 
activity budget studies, recommended intermittent drinking during hot summers in arid regions . 
However , producers in our study area try to avoid putting any kind of water stress on their 
animals unless they are forced to do so. Further research on the impact of intermittent , as well as 
abundant drinking frequencies on the physiology and productivity of livestock is needed to 
evaluate such recommendations. The following section reports the results of a metabolism 
experiment I conducted to better understand the process for rams in different body conditions 
and on different dietary regimes. 
Results 
Experiment on the Effects of Watering Frequency and Diet Quality on Water, 
Feed, and Nitrogen Utilization by Sheep in Different Body Conditions 
Weather Conditions 
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Trials were conducted out-of-doors in full sun in order to approximate conditions 
encountered on rangelands. Prevailing weather conditions during the 3 trials are summarized in 
Table 28. Values are month-long averages of daily values or monthly totals in the case of 
precipitation. These values show that , except for the third trial period , the weather was generally 
hotter and drier than average. A 2-day storm occurred during the adaptation period of the third 
trial and caused a drop in temperature. 
Animals' Body Condition 
The weight difference between high and low body condition rams at the beginning of the 
data collection period was 7.9 kg for the first, I 0.0 kg for the secon d, and 8.4 kg for the last trial. 
Ta ble 29 provides data concerning experimental animals' weight change during the 45-day 
conditioning phase, and shows that these differences represent 22.4, 25.4, and 25.1 % of high 
body condition weights for the 3 trials, respectively . Similar treatment differences in body 
weight (22%) between thin and fat Moroccan Timahdit lambs (a breed similar to Beni Gui! 
sheep) were reported by Kabbali et al. ( l 992a) to reduce , for thin lambs , internal fat by 75%, 
internal organs mass by 33%, and liver mass by 45% , and to significantly increase body water 
from 63 to 65%. 
Feed Proximate Analysis 
Results of the proximate analysis performed on experimental diets are shown in Table 30. 
Table 28. Monthly averages of important weather conditions encountered during these 
feeding trials. 
Maximum Minimum Relative 
temperature temperature humidity Precipitation Evaporation Insulation 
Trial Period (°C ) (OC) (%) (mm) (mm/day) (hour) 
I August , 96 36.7 ± 0.9' I 7.4 ± 2.4 37.9 ± 1.5 0.0 8.9 ± 0.3 09:33 ± 0 19 
2 July ,97 38.5 ± 1.9 19.8 ± 2.3 43.3 ± 5.0 1.3 7.2 ± 0.2 09:39 ± 0: 17 
3 August. 97 32.7 ± 0.4 17.1 ± 4.3 429±2.7 I I.I 10.4±1.6 09 07 ± 0 15 
Averages for 1993-97 
June 32.5 ± 2.8 16.8 ± 1.3 40.5 ± 0.2 18.5 ± 3. I 7.5 ± 1.6 8:40 ± 3:25 
July 36.8 ± I .2 20.1 ± 0.3 41.8 ± 0.2 152±19.7 87±1.3 9:34 ± 2:20 
August 35.4 ± 1.4 18 7 ± 0.1 46.6 ± 4.6 7.8 ± 7.9 78±08 9:06 ± 2: I I 
• Values are means.± Standard Deviation, except for totals for precipitation during trials . 
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Both diets were about 96% dry matter. Crude protein varied between 2.50 and 2. 77% for straw-
diet vs. 10.69 and 12.68% for alfalfa-diet. Total fiber ranged between 56.6 and 61 .3% for straw-
ration and between 3 5. 7 and 42 . 1 % for alfalfa-ration. 
Weight Loss Due to Dehydration 
Rams subjected to intermittent drinking (1 drink per 2 days) were weighed on the 2 
Table 29. Experimental animals weight change during the conditioning phase. 
Trial Body Conditions Starting weight Ending weight Weight change HBC-LBC Difference in% 
HBC 1 30.3 ± 0.6' 35 .2 ± 0.4b 4.9 ± 0 5 
LBC 30.3 .± 0.6' 25.7 ±0.6' -3.0±0.7 7.9 22.4 
2 HBC 30.0 ±0.8' 39.3 ± 0.9b 9.1 ± 0.4 
LBC 28.0 ± 0.6' 27.2 ± 0.5' -0.9 ± 0.4 IO.O 25.4 
3 HBC 29.6 ± 0.5' 33.7 ± 0.6b 4.0 ± 0.3 
LBC 29. I ± 0.4' 24.6 ± 0.3' -4.5 ± 0.3 8.4 25. I 
1 HBC= High Body Condition ; LBC = Low Body Condition ; a,b.c Values are means± standard deviation , means within 
the same variab le bearing different superscripts differ significantly at P < 0.05 . 
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Table 30. Proximate analysis of experimental diets. 
Trial I Trial 2 Trial 3 
Straw diet Alfalfa diet Straw diet Alfalfa diet Straw diet Alfalfa diet 
% DM 96.5 95 .78 96.07 96.50 96.10 96.5 
%As h 10.50 7.61 9.02 8.50 8.50 8.36 
GE Kcal /g 3,998 .88 4,041.07 4,009 .15 4,200 .80 4.076.26 4.192 .98 
%C P 2.71 10.69 2.50 11.64 2.55 12.68 
%N DF 61.32 42.10 56.61 39 .97 57.76 35.76 
consecutive mornings of the fast before food and water were distributed on the second morning 
to measure body mass loss as a consequence of 48 hours of dehydration. The loss averaged 9.3% 
of body weight and was higher for thin rams (9.9%) than for fat rams (8 .8%) . Weight loss 
following 48 hours of water deprivation was not affected by diet or by the interaction between 
diet and body condition . When given access to water, these rams drank from 5 to 7 liters , which 
represented between 18 and 22.5% of their body weight. 
Plasma Na, K, and Protein 
Only drinking frequency had a statistically significant effect on plasma sodium and 
protein concentrations (P < 0.05) . Intermittent drinking increased plasma concentrations of both 
constituents in comparison with drinking twice-daily (Table 31 ). Animals given one drink per 
day were intermediate for these 2 constituents. Plasma potassium remained constant under all 
treatments . Interactions among body condition, diet and watering frequency had no significant 
effects on plasma constituents (Tables C 1 and C2). 
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Table 31. Plasma Na, K, and protein: Main effects. 
Rody condition Diet Watering regime Standard 
High Low Alfalfa Straw 1/2days I /dayc 2/day error'1 
Plasma Na (mmol/ 1) 152 151 152 151 153" 152•b 
Plasma K (mmol/1) 5.6 5.8 5.7 5.7 5.6 5.7 5.8 0. 1 
Plasma protein (g/ 1) 63 61 63 61 643 
a.b Values are least square means (for diet and body condition n = 36, for watering regimen = 24): Values within the 
same variable concerning the same factor bearing different superscripts differ significantly at P < 0.0 I . 
'Y 2 days = I drink/2 days , I/day = le drink/day, 2/day = 2 drinks/day. 
d Maximum standard error 
Feed Intake and Digestibility 
Feed intake. Feed intake was affected by body condition , drinking frequency , and diet 
(P < 0.000 I) , and by the interaction between diet and drinking frequency (P < 0.00 I) . The other 
interactions were not significant (Table C3). As expected, when all body conditions and drinking 
frequencies were combined, rams fed alfalfa had higher dry matter and gross energy intakes than 
rams fed straw (Table 32 ). When only body condition was considered , thin rams had higher 
DMI and gross energy intake than fat rams (P < 0.0001). 
In general, intermittent drinking decreased DMI per kg 75 in relation to once daily 
drinking frequency (P < 0.0001 ). This translated into a corresponding decrease in digestible dry 
matter intake (DDMI) and metabolizable energy intake (MEI= 0.82 digestible energy) . The 
decrease in DM intake resulting from intermittent drinking was greater for alfalfa-fed rams 
(21%) than for straw-fed rams (12%) (Fig. 7) . Increasing watering frequency from I to 2 drinks 
per day did not significantly influence feed, DOM, or ME intakes (Table 32). 
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Table 32. Feed intake and digestibility: Main effects. 
Body condit ion Diet Watering frequenc y Standa rd 
Nutritional variable High Low Alfalfa Straw I /2days I/day 2/dayd error 
DMI (g/kg 7;/day) ss.o· 68.0b 72.9• 50. lb 53.9b 64.2' 66.4' 1.3 
DMI (g/ram/day) 8 I 8.3 830.7 I 001.8' 64 7.3' 73 I. 9b 859.6 a 882.0' 19.8 
ME I (Kcal /kg 75/day) 123.3• 150.3" 173.3' 96.3b 120 8b 140.8' 148.8' 3.5 
MEI (Kcal/ ram/day) 1837.9 1842.2 2434.8' 1245.4b 1647. 1 b 1889.9' 1983.2" 50. 1 
Feces (GDM/kg 7;/day) 55.0' 55.0' 21.8 22.7 55.0' 55.0' 55.0' 0.5 
DM Digest. (%) 63.0 61.9 70.0' 54.9b 63.0 6 1.4 63.0 0.6 
OM Digest. (%) 65.1 64.1 71.3' 58.0b 65.3 63.6 65.0 0.6 
NDF digest. (%) 50.7 49.6 53.3' 46.Sb 50.0 50.0 50.5 0.8 
CS digest. (%) 80.0 79.8 85.9' 73.9b 82.2b 77.8' 79.6c 0.6 
N digest.(%) 55.2 54.3 77.5' 32. l b 56.5 53.9 54.0 0.9 
DOM! (mg/kg i;/day) 353• 43.2b 51. I" 27.5b 34.7b 40.4' 42.7' 1.0 
,.b.c Values are least square means (for diet and body condition n = 36, for watering regimen = 24); Values 
within the same variable concerning the same factor bearing different superscripts differ s ig nificantl y at 
P < 0.01. 
d l /2days = 1 drink/ 2 days , I/day = le drink/da y, 2/day = 2 drinks /day. 
e Maximum standard error. 
Thin animals fed the alfalfa ration (realimented) and watered twice daily had 
numerically the highest DMI per kg 75 (88.2 g/day), followed by the same dietary group watered 
once every day (82.6 g/day). Straw-ration-fed high -bod y-condition rams , subjected to 
intermittent drinking, exhibited the lowest DMI (39 .5 g I kg 75 /day) (Table C3) . 
Digestibility. Apparent OM digestibility of the alfalfa diet averaged 70.0%, while that of 
the straw diet was 54.9%. Likewise , NDF, cell solubles, and nitrogen digestibility coefficients 
were also higher for the alfalfa diet than for the straw diet (Table 32). Data in Tables 32 and 33 
show that digestibility of cell solubles increased under both intermittent ( 1 drink per 2 days) and 
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Fig 7. Effect between interaction of diet and watering frequency on dry matter intake 
(DMI). 
twice-daily drinking in comparison to once daily drinking regime . This increase induced only a 
numerical nonsignificant improvement in DM digestibility coefficient. However , the increase in 
digestibility of cell solubles due to intermittent drinking was limited only to fat rams. Thin rams 
maintained their cell solubles digestibility coefficients constant under all watering frequencie s (P 
< 0.05) . NDF digestibility was improved when animals were consuming alfalfa diet and 
Table 33. Interaction of body condition and drinking frequency on dry matter intake and 
four digestibility variables. 
High body condition Low body condition Standard 
Nutritional Variable l /2daysd 1/day 2/day l /2days I/day 2/day erro r 
DMI (G/kg 75/d) 46 8b 59. la 59.oa 60 .9" 69.4 ' 73.8 ' 1.9 
MEI (Kcal/kg 75/d) 105.2b 129.4" 135.2" 136.4" 152.3' 162.3' 5.0 
OM digest. (%) 63.6 61.1 64 .3 62 .5 61.7 61. 7 0 .8 
NDF digest. (%) 50.5 49.8 51.2 49.4 50.3 49.3 1.2 
Cell Sol. Digest. (%) 83.8b 76.6a 80.1 ' 81. 1 be 79. 1' 79 .8' 0 .8 
N digest.(%) 57.0 53.4 55.2 55.9 54.3 52.8 1.2 
a.b.c Values are least square means (n = 12); values within the same variab le bearing different super scripts differ 
significantl y at P < 0.05 . 
d l/2days = I drink/day , I/da y = 1 drink/day , 2/day = 2 drinks /day . 
' Maximum standard error. 
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drinking twice daily, but when their diet was straw, no change was recorded in NDF digestion (P 
< 0.05) (Table 34). The increase in NDF digestibility of the alfalfa-diet, as a response to twice-
daily drinking , generated an increase in DM digestibility of 2.1 points in comparison with the 
once-daily drinking regime. 
The interaction between body condition and drinking frequency affected NDF 
digestibility coefficients of both diets (P < 0.05) (Table 35 and Table C4). Digestibility ofNDF 
was highest when rams were fat, fed the alfalfa diet, and watered twice daily (P < 0.05). When 
rams were thin and fed the alfalfa diet, their NDF digestibility was improved by both intermittent 
(54 .7%) and twice-daily drinking (54.0%) regimes in comparison with once-daily drinking 
regime (51.6%). An opposite trend was observed when they were supplied with the straw-diet 
( 44. 1 and 44 .52% for intermittent drinking and twice-daily drinking regimes, respectively , vs 
48 .9% for the once-daily drinking regime) MEI and DDMI followed the same trend under the 
different experimental treatments . They were higher for alfalfa-diet-fed rams vs straw-diet-fed 
Table 34. Effect of diet and drinking frequency interaction on digestibility. 
NDF Cell solubles Dry matter 
Drinking frequency Drinking frequency Drinking frequency 
Diets 1/2days I/day 2/day 1/2days I/day 2/day 1/2days I/day 
Alfalfa diet s2.8•b 52.0' 55.6b 88.4' 84.1 ' 85. l ' 70.6'b 68.7' 
± 1.2 ± 1.2 ± 1.2 ±0.8 ± 0.8 ± 0.8 ± 0.8 ± 0.8 
Straw Diet 47 . l ' 48.0 ' 45.4 ' 76.0d 7 1.6' 74. ld 55.5 54.0 
± 1.2 ± 1.2 ± 1.2 ± 0.8 ± 0.8 ± 0 .8 ± 0.8 ± 0.8 
•.b.c,d Values are least square means± standard error (n - 12); values within the same variable bearing 
different superscripts differ significantly at P < 0.05. 
e l/2days = I drink/2 days, I/day= I drink/day, 2/day = 2 drinks /day . 
2/day 
70.8b 
± 0.8 
55.1 
± 0.8 
Table 35. Digestibility coefficients: Treatment effects. 
Digestibility Diet 
OM digest. (%) Alfalfa 
Straw 
NDF digest. (%) Alfalfa 
Straw 
Cell sol. Digest. (%) Alfalfa 
Straw 
High body condition 
watering frequency 
l/2daysh 
69.6 
57.6 
51.0dc 
50.2cdc 
88.8 
77.7 
I/day 
68.4 
53.8 
52.4d 
47. l a<:cf 
82.6 
70.6 
2/day 
72.2 
56.4 
57.3b 
46.3''[ 
86.0 
74.1 
Low body condition 
watering frequency 
l/2days 
7 1.6 
53.4 
54.7b 
44. lf 
88.0 
74.2 
I/day 
69.0 
54.3 
5 l .6dc 
48.9acdc 
85.5 
72.6 
2/day 
69.5 
53.8 
54.0b 
44_5,r 
84.3 
74.1 
Standard 
error 
l l 
I. l 
1.7 
I. 7 
I. I 
11 
A.b.c,dc,r.s Values are least square means (n = 6); values within the same variable bearing different superscripts differ 
significantly at P < 0.05 . 
h 112d"'= I drink/da ys, I/day= I drink/day , 2/day = 2 drinks/day. 
rams (P < 0.000 I) and for thin rams vs fat rams (P < 0.00 I), but were lower under intermittent 
drinking in contrast with the remaining drinking regimes (P < 0.000 l) (Table 32). MEI and 
OOMI remained at the same level when rams were drinking once or twice daily . Intermittent 
drinking had a significant negative effect on OOMI and MEI of the alfalfa diet, but maintained 
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those of the straw diet at the same level as once- or twice-daily drinking (Fig . 8). The interaction 
of body condition and diet, which had no effect on OM intake , affected OOMI and MEI (P < 
0.05) (Fig. 9). The increase recorded in these variables as a consequence of lower body condition 
was greater when rams were fed alfalfa than when they were fed straw. The increase was 
numerically small (2%) in both cases and was equivalent to the numerical increase recorded in 
OM digestibility . 
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Water Balance 
Water balance data are summarized in Tables 36 to 40 and in Tab les CS and C7. All 
components of water balance were very strongly influenced by body condition, drinking 
frequency, and diet. Interactions among these factors affected water balance components in 
several ways. 
Water gains and water turnover . When reported on a metabolic-weight basis , free 
water, food water, and metabolic water gains, as well as water turnover (Table 36), were lower 
for fat rams than for thin rams (P < 0.05), for straw-diet vs alfalfa-diet (P < .0001 ), and for 
Table 36. Water balance per metabolic weight: Main effects (ml/kg·75/day). 
Body condition Diet Watering frequency Standard 
Nutritiona l variable High Low Alfalfa Straw l/2days 1/day 2/dal error 
Free wate r intake 237.4• 255.2b 283.9' 208. 7b 214 .9b 255. 7' 268.2' 6.9 
Food water intake 2.5b 3.1 b 3.4 ' 2.2b 2.5b 3.0' 3.0' 0. 1 
Metabolic water 18.2' 22.3b 25 .6' 14.9b 17.9b 20.9' 22.0' 0.5 
Water turnover 258.1' 280.6b 312.9' 225.8b 235.4b 279.5' 293.1' 7.2 
Feca l water 30.0' 38.7b 30 .2' 38.6b 25.5b 37.2' 40.6' 1.5 
Feca l moisture(%) 59.2 60 . 1 57.0' 62.3b 56.6b 60.2' 62.3' 0.8 
Urine volume 32.9• 39.6b 44.2' 28 .3b 32.7' 35 .1' 41.0b 1.8 
Insensible water loss 194.6 196.2 231.4' 159.4b 173.9b 204.4' 207.8' 6.0 
W/DMI ( 1/kg) 4.4' 3.8b 3.9' 4.3b 4.1 4.1 4.2 0.1 
lnsensible /w gain(%) 75.2' 69.3b 74 .0' 70.5b 73.6' 72.6 b 70.4b 0.9 
Retained water 
(ml/ram/day) 23.6' 75.9b 96.9' 2.7b 44.7 52.8 51.8 3.1 
a.b Values are least square means (fo r diet and body condition n = 36, for watering regimen = 24); Values within 
the same variable concerning the same factor bearing different superscripts differ significantly at P < 0.0 I. 
c 1/2days = I drink/2 days , I/day= le drink/day , 2/day = 2 drinks /day. 
d Maximum standard er~or. 
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intermittent drinking vs the other 2 drinking frequencies (P < 0.0001) . When expressed on a 
per-head basis, and due to their larger body size , fat rams had a higher water intake and a greater 
total water gain (P < 0.0001 ). However, and always on a per-head basis , food-bound water 
intake and metabolic water production were identical for both thin and fat rams (Table CS). 
The water to dry matter intake ratio (W /DMI) was greater for fat (4.4 I/kg OM) than thin 
(3.8 I/kg OM) rams (P < 0.0001) and for straw-fed (4.3 I/kg OM) than alfalfa-fed (3.9 I/kg OM) 
animals (P < 0.001 ). However , W/OMI was independent of drinking frequenc y ( 4.1 I/kg OM) 
(Table 36). 
Figure 10 and Table 37 show that high-body-condition rams exhibited a greater decline 
(P < .0001) in water turnover rate when watered intermittently rather than once daily , in 
comparison to low-body-condition rams. This decrease in WTO was generated in animal s of 
both body conditions by significant and proportional declines in all components of water gain: 
free water , food water, and metabolic water (P values < .05) . When watered twice dail y, animal s' 
body condition did not affect their water intake or turnover rate . 
All water inputs as well as water turnover were influenced (P < 0.05) by diet and water 
regime interaction (Table 38 , and Fig . 11). Intermittent drinking caused an important (20%) 
decline (P < 0 .0001) in all water gain components and water turnover rate when ram s were fed 
the alfalfa diet. When the diet was straw , intermittent drinking had less effect on free water 
intake and turnover rate, when compared with once-daily drinking. Twice-daily drinking 
maintained intake of free water , food water , and metabolic water in addition to water turnover at 
the same level as once-daily drinking under both diets . 
The lowest water turnover rate was recorded for fat rams fed the straw diet and watered 
intermittently (187.4 ml/kg 75/day) and highest for thin alfalfa-fed rams watered twice dail y 
-er-High 
-9-Low 
220 _ _ _ _ _ _ _ _ _ _ 
2/day 1/day 1/2days 
Number of drinks per day 
Fig 10. Water turnover by high and low body condition rams under three drinking 
regimes. 
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Table 37. Interaction of body condition and drinking frequency on water inputs and water 
turnover rate (ml/kg·75 /day). 
High body condit ion Low body condition Standard 
l /2days l/da/ 2/day l/2days I/day 2/day error 
Free water intake I 93.o· 254.7b 264.4b 236.9b 256. 7b 2n ob 9.8 
Food WI 2.2b 2.7• 2.6a 2.8a 3.2c 3.3c 0.9 
MW 8. l 5.6b 19.2• 19.8• 20.2· 22.6' 24.1' 0.7 
WTO 2 10.8 276.5 286.9 260.0 282.5 299.4 10. 1 
W/DMI (I/kg) 4 .3ab 4 .4ab 4.6• 3.9bc 3.7' 3.7' 0. 17 
ab .,.d Values are least square means (n = 12); values within the same variable bearing diff erent superscripts 
differ significantly at P < 0.05 . 
r l/2 days = I drin k/day, I/day= I drink/day , 2/day = 2 drinks /day . 
8 Metabolic water production. 
Table 38. Interaction of diet and watering frequency on water inputs and turnover rate 
(ml/kg· 75 /day). 
Alfalfa diet Straw diet Standard 
l/2days' I/day 2/day l /2days I/day 2/day error 
Water intake 239.9b 300.7' 3 11.0' 190.0d 2l0 .7'd 225.3bc 7.8 
Food WI 3.0b 3.6' 3.7a 2. lc 2.2c 2.3c O. l 
MWP 22.0b 26.5" 28.4' l 3.8' l 5.2' 15.6' 0.7 
WTO 264.9b 330.8' 334. [ a 20s od 228.2bc 243.2bc 10. l 
W/DMI ( I/kg) 3.9b 4.0 4.0 4.4 4.2 4.4 0.2 
100 
•.b.,.d Values are least square means (n = 12); va lues wit hin the same variab le bearing different superscripts 
differ significantly at P < 0.05. 
' l /2days = I drink/days I/day = I drink/day, 2/day = 2 drinks /day. 
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Water outputs . Fat and thin rams did not differ in fecal water and urine volume voided 
per head , but animals in high body condition used more water for evaporative cooling (P < 0.00) 
(Table CS) . However , when data are reported on per kg 75 basis (Table 36) , rams in low body 
condition showed greater water losses in urine and feces (P < 0.001) , but evaporated just as much 
as did their fat counterparts . The proportion of total water gain utilized in evaporative cooling 
was greater as body condition improved (P < 0.000 I) . 
Sheep fed the straw ration lost less water in urine (P < 0.000 ! ) but more in feces (P < 
0.0001) than did their alfalfa-fed counterparts (Table 36). Greater fecal water loss by straw-fed 
animals was due to increased fecal moisture (62 .3 % vs 57 .1 %) and not to a difference in fecal 
mass (22.7 vs 21.8 g/kg 75) . Insensible water loss per kg 75 was 45% greater for alfalfa-fed rams 
than for straw-fed rams (P < 0.0001). The proportion of total water gain used for evaporative 
cooling was only 70.6% for straw-fed rams compared to 74.4% for alfalfa-fed rams (P < 0.000 l) 
(Table 36) . 
Fecal and evaporative water losses were reduced by intermittent drinking (P < 0.000 I) 
(Table 36 and Table Cl) . The proportion of total water gain used for evaporative cooling 
increa sed when animals were restricted to drinking only once every other day instead of once 
daily (P < 0.005), but remained at the same level when watering frequency was increased to 2 
drinks per day . The difference between the proportions evaporated , as a result of intermittent and 
twice -daily drinking , was also significant (73.6 vs 70.4%) (P < 0.01). When data for rams in 
different body conditions and fed different diets were combined , urine volume was increased by 
twice-daily drinking , and was nonsignificantly less under intermittent drinking than under daily 
drinking (Table 36 and Table CS) . 
When compared with once-daily drinking , intermittent drinking induced a significant 
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decline in fecal water output (P < 0.0 I) in thin animals , but their urine volume and insensible 
water loss remained the same (Table 39 and Fig. 12). For fat rams, intermittent drinking 
decreased fecal (P < 0.00 I) and evaporative (P < 0.000 I) water losses. Twice-daily drinking did 
not induce a change in urine volume of either thin or fat animals , but it did increase thin rams ' 
fecal-water volume substantially (P < 0.001 ). 
In contrast to the preceding results, the association of the alfalfa diet and intermittent 
drinking was responsible for a great reduction (P < 0.05) in urine volume (Table 40) , whereas , 
when animals were fed the straw-diet, their urine excretion was maintained at the same level 
under all drinking treatments . Twice-daily drinking increased urine volume voided by alfalfa-fed 
rams . The interaction among body condition, watering frequency , and diet had no effect on water 
losses (Tables C6 and C7). 
Water retention. Calculated water retention includes only the proportion of water 
contributing to weight gain (Table 36) . Water retained in the rest of the animal 's body or lost 
from it is not included . Calculated water retention was higher (P < 0.000 I) for thin animals 
Table 39. Interaction of drinking frequency and body condition on water losses 
(ml/kg· 75/day). 
High body condition Low body condition 
drinking frequency drinking frequency Standard 
l/2daysd I/day 2/day l/2days I/day 2/day 
Fecal water 21.1 b 36.1 a 32.9ac 39.8ab 38.3cb 48. Id 
Urine volume 27.0 33.1 38.6 28.3 37.2 43.3 
Insensib le loss 16l.75b 208. J a 213 .8• l 86.2'b 200.8•b 201.1· 
Retained water 16.2b 30.13 24. 7ab 73.3c 75.SC 78.sc 
:i.b,c Values are least square means± standard error (n - 12); va lues within the same variab le bearing different 
superscripts differ significantly at P < 0.05. 
d l /2day s = l drink/days, I/day= l drink/day , 2/day = 2 drinks /day . 
error 
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Fig 12. Effect of interaction of body condition and watering frequency on excreted fecal 
water and urine volume. 
Table 40. Interaction of diet and drinking frequency on water losses (ml/kg·75 /day). 
Alfalfa diet Straw diet Standard 
l/2daysr I/day 2/day l/2days I/day 2/day error 
Fecal water 21.Sb 33. 1 :u1 36.oac 29.4d 41.3ce 44.9' 2.1 
Urine volume 36.8b 43.9a 51.9c 28.Sd 26.3d 30.0d 2.6 
Insensible loss 200.I 246.5 247.7 147.8 162.4 167.8 8.5 
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•.b,c .. d,e Values are least square means (n = 12); values within the same variable bearing different superscripts 
differ significantly at P < 0.05 . 
r l/2 days = 1 drink/days I/day = I drink/day , 2/day = 2 drinks /day . 
8 Maximum standard error. 
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(75 .9 ml / ram /day) than for fat animals (23.6 ml/ram/day) and was also greater for alfalfa-fed 
rams (96.9 ml/ram/day) than for straw-fed rams (2.7 ml/ram /day). Intermittent drinking reduced 
water retention only when animals were in high body condition. When their body condition was 
low , drinking frequency had no effect on their water retention (Table 38). The 3-way interaction 
among body condition, watering frequency , and diet did not affect water retention (Tables C6 
and C7). 
Nitrogen Balance 
Components of nitrogen balance and efficiency of its retention (N retained I N intake) 
were differently influenced by experimental treatments . While body condition and diet affected 
intake, losses and retention of nitrogen and their interactions were also important. Drinking 
frequency affected nitrogen intake and losses, but had no effect on nitrogen retention. Data 
concerning nitrogen balance is summarized in Tables 41 to 44 , and Tables C8 , C9 , and C 10. 
Nitrogen intake. Due to higher nitrogen content of the alfalfa ration as compared to 
straw ration , alfalfa-fed rams had a higher nitrogen intake (P < 0.000 I) . Thin animals also 
ingested more (P < 0.0001) nitrogen than fat animals. Moreover, intake of nitrogen increased as 
drinking frequency increased (P < 0.05) (Table 41 and Table C3). 
As shown in Table 41 and Fig. 13, the increase in nitrogen ingestion associated with the 
lower body condition was significant when the diet was alfalfa (P < 0.000 I) , but not when it was 
straw. 
Data in Table 42 and Fig . 14 show that intake of nitrogen, much like food intake , 
dee! ined more when intermittent drinking was associated with the alfalfa diet ( 16% ), as 
compared with the straw diet, where no significant difference was recorded. The apparent 
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Table 41. Nitrogen balance per metabolic weight: Main effects (mg/kg·75/day except where 
noted). 
Nitrogen Body conditio n Diet Standard Wate ring regime Standard 
variab le High Low Alfalfa Straw Erro r l/2days I/day' 2/day error 
N intake 766.3" 921. 7b 1453.9" 234. 1 b 24 . J 740.6b 870.6b 92 1.3' 29.5 
Fecal N 218.0" 265.9b 324 .6" 159.3b 5.5 205.5 b 258.6" 261.7' 6.7 
Urine N 367.3 379.5 622.7' 124.2" 14.0 324.4b 377.6' 4 18.3" 17.1 
Absorbed N 548.3" 655 .8b 1129.3" 74.8b 22.4 535. lb 6 1 1.6" 659.5" 27.4 
N balance: 181.0" 276.2b 506.5' -49.4b 20.3 2 10.7 233.9 24 1.2 24.8 
N digest.(%) 55.2 54.3 77.5" 32.1 b 0.7 56.5 53.9 54.0 0.9 
N use effic. (%) -1.4' I I.Sb 34.2" -24 .0b 2.0 6.5 4.6 4.2 2.5 
a.b Va lues are least square means (for diet and body condition n = 36, for watering reg imen = 24); va lues w ithin 
the same va riable concerning the same factor bearin g different supers cripts differ sig nifi cantl y at P < 0.0 I . 
' l /2days = I drink/days, I/ day= I drink/day, 2/day = 2 drinks /day . 
Table 42. Interaction of body condition and diet on nitrogen balance (mg/kg·75/day except 
where noted). 
High body condition Low body condition Standard 
Nitrogen variab le Alfa lfa diet Straw diet Alfalfa diet Straw diet error'1 
N itrogen intake 1325.9" 206.7b 1582.oc 261.5b 34.1 
Urine nitrogen 60 1.0 133.6 644.4 114.7 19.7 
Fecal nitrogen 296.9 139. J 352.3 179.0 7.8 
Nitrogen balance 427.9" -66.0b 585.2c 032.8b 28.7 
N use efficiency(%) 32 .2" -34.9b 36.1 3 -13 0' 2.9 
a.b., Values are least square means (n + 18) ; values within the sa me va riable bearing different superscripts 
differ sig nificantly , P < 0.05. 
d Maximum standard error. 
Table 43. Interaction of drinking frequency and diet on nitrogen balance (mg/kg· 75 /day 
except where noted). 
Alfalfa diet Straw diet Standard 
Nitrogen variable l/2days' I/day 2/day l/2days I/day 2/day errorr 
N itrogen intake 1263 ob 1501.9l 1595.9" 217.2' 238.4' 246.6' 41.8 
Urine nitrogen 53 I .2b 625.5" 7 11.3' I I 7.5d I 29.7d 125.Jd 24.2 
Fecal nitrogen 269Jb 354.5" 350.0l 141.7' 162.7' 173.4' 9.5 
Nitrogen balance 436.4 521.9 534.4 -42.1 -54.1 -52.0 35.1 
N use efficiency(%) 35.9 34.2 32.4 -22.9 -24.9 -24.1 3.5 
106 
a.b.c.ct Values are least square means (n = 12); values within the same variable bearing different superscripts 
differ significantly at P < 0.05. 
e l/2days = I drink/days I/day = I drink/day , 2/day = 2 drinks/day. 
rMaximum standard error. 
increase in nitrogen ingestion due to twice-daily drinking was not significant under either diet 
(Table 43 and Fig. 14). Interaction between body condition and watering frequency or the 3-way 
interaction among the 3 tested factors did not affect nitrogen ingestion (Table 44 and Tables C9 
and C 10). 
Nitrogen losses. Nitrogen excretion in urine and feces was higher for the alfalfa diet 
than for the straw diet (P < 0.0001 ), and lower for intermittently watered rams than for the 2 
Table 44. Interaction of body condition and drinking frequency on nitrogen balance 
(mg/kg ·75/day where noted). 
Nitrogen High body condition Low body condition Standard 
variable l/2daysd I/day 2/day l/2days I/day 2/day error' 
N itrogen intake 652.1 820.7 826.0 829.0 919.6 1016.6 41.8 
Urine nitrogen 300.0 373.4 428.2 348.8 381.4 408.4 24.2 
Fecal nitrogen I 80.6b 249.4" 224.0" 230.3" 267.9ac 299.4d 9.5 
Retained N 171.6 197.5 173.8 249.8 270.3 308.6 35.5 
N use efficiency 1.3 -2.1 -3.2 11.75 14.1 11.6 3.5 
a.b.c Values are least square means (n = 12); values within the same variable bearing different superscripts differ 
significantl y at P < 0.05. 
d l/2days = I drink/day , I/day= I drink/day, 2/day = 2 drinks/day. 
' Maximum standard error. 
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Fig 14. Effect of interaction between diet and watering frequency on nitrogen intake. 
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other watering frequencies (P < 0.05) . Drinking twice daily did not change nitrogen output when 
all diets and body conditions were combined. Thin animals had higher fecal nitrogen than fat 
animals (P < 0.000 I) , but their urinary nitrogen content did not vary (Table 41 and Table CS) . 
The proportion of total nitrogen intake lost in feces varied between 65 and 70% for straw-fed 
animals vs . only 21 to 24% for alfalfa-fed rams . Urine nitrogen content constituted 42 to 44.5 % 
of the alfalfa-diet nitrogen intake and 50 to 54% of the straw-diet nitrogen intake. 
The interaction between diet and drinking frequency affected nitro gen losses in feces (P 
< 0.01) and uring (P < 0.01) . As shown in Table 43 and Figs . 14, 15 and 16, intermittent instead 
of once-daily drinking reduced the loss of nitrogen in urine and feces when rams were fed the 
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Fig 15. Effect of interaction between diet and watering frequency on urine nitrogen. 
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alfalfa diet, but not when they were fed the straw diet. Twice-dai ly drinking raised nitrogen 
losses in urine of alfalfa-fed rams when compared with once-dai ly drinking, but had no effect on 
urine or fecal nitrogen excretions when animals received the straw diet. 
Data presented in Table 44 and Figs. 17 and 18 show that under intermittent drinking , fat 
rams lost less nitrogen in feces than thin animals . Twice-daily drinking compared to once-daily 
drinking decreased fecal nitrogen by l 0% when body condition was high (P < 0.05) , but 
increased it by 12% when body condition was low (P < 0.00 I). Although curves are crossed in 
Fig . 17, urinary nitrogen was statistically insensible to the interaction between body condition 
and drinking frequency. The level of nitrogen Joss by this avenue was similar for all animals 
under a given drinking frequency independent of body condition . 
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Fig 17. Effect of interaction between body condition and watering frequency on urinary 
nitrogen losses. 
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Nitrogen loss in urine was highest when rams were fed the alfalfa ration and watered 
twice daily (703- 719mg /kg 75/day) independent of body condition, and lowest when they were 
fat, fed the straw ration , and watered intermittently ( 120.5 mg/kg 75/day). Excretion of nitrogen in 
feces was highest when rams were thin, fed the alfalfa diet and watered twice-daily (400 
mg/kg. 75 ) and lowest when they were fat, intermittently watered, and fed the straw diet ( 118.5 
mg/kg 75 ) (Table C9). 
Nitrogen digestibility, balance, and efficiency of retention. Nitrogen balance of straw-
fed rams was negative (-49.4 mg I kg 75 per day), whereas nitrogen balance of alfalfa-fed rams 
was positive (506.5 mg/kg 75 per day) (Table 41 and Table C3). Digestibility of straw-diet 
nitrogen was very low (32.0%) when compared to the alfalfa diet (77.5%). Animals in low body 
condition had consistently higher nitrogen retention (P < 0.000 I) and efficiency of retention (P < 
0.000 l ) . While the overall efficiency of nitrogen retention by thin rams reached 11.5%, that of 
fat ones was -1. l %. Nitrogen digestibility was at the same level under both bod y conditions 
(Table 41) . 
The improvement in nitrogen balance associated with low body condition was higher 
when the quality of the diet was low (straw-ration). Moreover, the increase in nitrogen retention 
by realimented rams was 36% for the alfalfa-fed rams vs. 50% for straw-fed rams (Table 42 and 
Fig. 19). When the diet was straw, thin rams had higher nitrogen retention efficiency (P < 
0.0001) than fat rams (35 vs 13%) , whereas when the diet was alfalfa, this variable remained 
unchanged for both body conditions. When all diets and body conditions are combined , 
intermittent drinking improved nitrogen balance and brought it to the same level as once-daily or 
twice-daily drinking frequencies, in spite of the lower nitrogen intake of intermittently watered 
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rams . However, the difference in efficiency of nitrogen retention between intermittent drinking 
and once-daily drinking, which attained 41 %, was at the edge of statistical significance . 
Nitrogen retention was not sensitive to diet and drinking frequency or to body condition 
and drinking frequency interactions (Tables 43 and 44) , meaning that an improvement in 
nitrogen retention was recorded as a consequence to intermittent drinking in comparison with 
once-daily drinking under both diets and body conditions . Interaction of the 3 factors (body 
condition , watering frequency, and diet) was without effect on nitrogen retention or its efficiency 
(Tables C9 and C 10). 
Weight Gain 
During the second phase of the experiment (adaptation+ data collection periods), which 
lasted between 25 and 30 days for the 3 trials, thin rams showed an overall greater daily weight 
gain (DWG) than did fat rams (116.8 g/day vs 36.5 g/day). Since all conditions were similar for 
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both groups , this significant difference (P < 0.0001) can only be attributed to compensatory 
growth. Alfalfa-fed rams gained 149.1 g/day, while straw-fed rams remained essentially 
unchanged (4.2 g/day). A numerical decrease in intermittently watered rams' DWG was 
recorded, but it was not significant. DWGs of rams watered once-daily, twice-daily, and once per 
2 days were 81.3, 79.6, and 69.1 g/day, respectively (P > 0.05). 
Alfalfa-realimented rams gained 260% more weight than did straw-realimented rams 
(116 .8 g/day vs 36.4 g/day, respectively) . Straw re-fed thin rams , however, gained 58 g/day 
while fat rams fed the same diet lost 49 g/day . Interaction of watering frequency with diet or 
body condition or with both of them at the same time had no effect on DWG (Table Cl I) . 
Discussion 
Two-way interactions among body condition , drinking frequency , and diet quality were 
significant for many of the measured variables , including energy intake , digestive capacity , 
water, and nitrogen metabolism . The 3-way interactions , however , were not significant , which 
was not in favor of my hypothesis 2.3 that suggested a difference in feed intake and utilization 
between thin animals drinking once every 2 days and consuming high and low quality diets. 
Results of my experiment supported my alternative hypotheses 2.2 and 2.4 but not my hypothesis 
2 .1, which is related to plasma Na, K, and protein concentrations . Instead of increasing these 
concentrations, as postulated in the hypothesis , intermittent drinking maintained them at the 
same level as once-daily watered animals . 
Low body condition had a positive effect on weight gain (compensatory growth) . This 
increase in weight gain was achieved through improvement in feed intake and nitrogen balance . 
When reported on metabolic weight basis, rams recovering from undernutrition ingested 23% 
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more feed than fat animals, independent of diet quality. In addition, nitrogen ingestion, retention, 
and efficiency ofretention were all greater when body condition was low. All these data are in 
line with earlier findings concerning enhanced metabolism of realimented animals and 
mechanisms underlying the compensatory growth phenomenon (Allden 1970, Ryan 1990, 
Kabbali 1992a, Ryan et al. 1993). 
Realimented rams exhibited a higher water turnover, but lower W/DMI. When compared 
with fat rams, thin rams also lost more water in urine and feces, but evaporated a smaller 
proportion of their total water gain. Therefore, thin animals generally utilized more water, not for 
cooling purposes (due to their reduced metabolic rate they demanded less evaporative cooling), 
but to excrete the additional waste produced by a higher level of feed intake . Nevertheless , the 
lower value of the W/DMI indicates that thin animals were more efficient in water utilization . 
When no distinction is made between drinking frequencies, all digestibility coefficients, 
DM, OM, NDF, cell soluble, and nitrogen, remained constant when body condition changed. 
These results support the hypothesis formulated by Coleman and Evans ( 1986) that 
compensatory growth results from improved utilization of nutrients after absorption and not from 
enhanced digestibility . 
Intermittent watering is a predominant practice during winter in southeastern Morocco 
and is often performed in summer and fall due to insufficient water availability (see pp . 59 to 
63). Bohra and Ghosh (1977), Ikhatua et al. (1985), Brosh et al. (l 986a), Slanikove (1992, 1994 ), 
and others have shown that water restriction reduces feed intake and water turnover. Such 
reduction was reported to be greater when animals were fed a high-quality diet than when they 
were fed a low-quality diet. Some of these studies also reported improvement of digestibility and 
nitrogen balance as a result of water restriction, but these improvements were greater for small 
ruminants fed low-quality diets than for those fed high-quality diets (Brosh et al. I 986b, 
Slanikove 1992). 
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Overall, when no distinction is made for body condition, results of my experiment 
support most of the earlier findings concerning effects of intermittent drinking on feed intake and 
digestibility, as well as on water and nitrogen balances. However, when body condition is 
considered, those findings remain applicable only to certain animal categories and not to others. 
Major differences are found among fat, thin, realimented, and starved animals. 
Intermittent as well as twice-daily drinking frequencies maintained plasma Na, K, and 
protein concentrations at the same level as once-daily drinking. The values recorded are 
comparable to those reported by Ghosh et al. (1976) for Marwari sheep. Body mass loss as 
consequence of 48-hour dehydration was lower for Beni Gui) sheep (10%) than that reported for 
the Marwari breed, which lost 15% of its body mass after the same dehydration interval (Ghosh 
et al. 1976). In light of the limited effects, recorded under the 3 drinking frequencies, on plasma 
Na, K, and protein concentrations and the W/DMI, it is likely that the summertime intermittent­
drinking treatment causes only a mild stress on Beni Gui I rams. It is also possible to confirm that 
the basic relationship between water and energy intake, which underlies the drinking-elicited-by­
eating phenomenon, prevails in these circumstances. This relation as described by Kraly (1984, 
1985) is regulated by the pre-absorbative as well as the post-absorpative vagal nerve dependent 
mechanism. Post-absorbative effects of digested food are probably the most determinant, but 
pre-absorbative effects are also important in "approximate tuning" of adapted water intake by 
providing signals allowing the organism to anticipate the amount of water that will be needed to 
maintain homeostasis (Silanikove 1989). These mechanisms allow the organism, in case of 
restricted water or feed regimes, to establish a new steady state at a lower level of water 
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exchange. The second type of drinking, related mainly to dehydration, is a response to challenges 
to fluid homeostasis (Fitzsimmons 1979). 
It is also important to point out that, in conformity with data reported on increased body 
water of thin animals (Kabbali et al. 1992, Ryan et al. 1993a), undernourished (straw-ration fed) 
thin rams had a numerically lower plasma protein concentration, indicating a probable higher 
body fluids level. However, this increase in plasma protein could also be attributed to a decrease 
in plasma lipoproteins, as a consequence of low diet quality. 
When no distinction is made for differences in body condition, intermittent drinking 
hampered high-quality feed intake, but had a moderate negative effect on low-quality feed 
intake. This finding is in conformity with data reported by several authors (Bohra and Ghosh 
1977, Ikhatua et al. 1985, Brosh et al. 1986b ). An increase was recorded in digestibility of cell 
solubles when sheep were drinking intermittently instead of once daily. This increase led to a 
nonsignificant improvement in DM digestibility. Such nonsignificant increases in DM 
digestibility in response to water restriction, however, seem to be a consistent phenomenon, 
since several other authors reported the same result (Utley et al. 1970, Osman and Fadlalla 1974, 
Bohra and Ghosh 1977). In any case, such slight improvement in digestibility by intermittently 
watered rams did not substantially increase their digestible dry matter or metabolizable energy 
intakes. 
Intermittent drinking had no effect on OM digestibility of the straw diet, although it 
increased the cell solubles digestibility coefficient. When the diet was alfalfa, a numerical 
improvement was recorded in DM digestibility, as a consequence of the increase in the digestion 
of both NDF and cell solubles. Twice-daily drinking produced the same effect as intermittent 
drinking when the diet was alfalfa, but had no effect on digestive capacity of Beni Gui I sheep 
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when they were fed straw. 
Abdullah and Falconer ( 1977) and Christopherson (1985) and others have suggested that 
improvement in nutrient utilization by water restriction is due to a decrease in secretion of saliva 
and thyroxine hormone, leading to a slowdown in rumen contraction and passage rate. However, 
and in light of the results of my experiment, improvements in digestibilities of cell solubles and 
NDF due to water restriction (slower passage rate) or twice-daily drinking (faster rate of 
passage) suggest that the water restriction might have acted by a delay of passage rate of digesta 
in the post-ruminal gut as was postulated by Phillips (1961 ), whereas twice-daily drinking 
improved rumen fermentation by increasing saliva secretion and rumen water content. This 
hypothesis, however, requires further testing. 
Twice-daily drinking seemed of limited benefit. Its effect was limited to a slight 
improvement in digestibility of the high-quality diet (2.1 points), and in heat dissipation as 
indicated by a very slight increase in evaporated water of 1.2 ml/kg.75/day. However, it also 
increased urine volume, which washed away more N, especially when diet quality was low. 
Thus, twice-daily drinking was of no significant benefit for this category of animals. 
Intermittent drinking, and in agreement with the findings of Osman and Fadlallah 
(1974), affected nitrogen retention of both diets. All rams under the 3 drinking frequencies had a 
similar level ofretained nitrogen in spite of the difference in intake between intermittently 
drinking rams and the remaining categories. This impact on nitrogen balance was observed under 
all body conditions and diets. The increase in drinking frequency from once daily to twice daily 
raised nitrogen intake and absorption, but also increased losses in urine and feces. However, 
when feed was of high quality, nitrogen losses were greatly reduced by intermittent drinking 
(18%), which was to a great extent a consequence of the great reduction in N intake (16%). 
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Intermittent drinking depressed water turnover as well as fecal water loss of all rams, a 
depression which resulted from a reduction in fecal moisture as well as total fecal mass. The 
EWGR (ratio of evaporation I total water gain) and urine volume of all treatments remained 
constant under water restriction. This finding supports a statement by Thornton and Yates ( 1968) 
that fecal water output is more important in regulating the water economy of water-restricted 
animals than are changes in urine output. 
When their body condition was high and they were watered intermittently, fat rams 
suffered greater reductions in intake of energy and nitrogen than did their thin counterparts. 
Digestibility coefficients of DM, OM, cell solubles, and nitrogen were also improved to different 
extents when fat rams were watered intermittently. However, these variables remained 
unchanged when animals were thin, regardless of their drinking frequency or diet quality. In 
addition, thin rams maintained the same WTO rate, but voided more water in urine and feces, 
when watered intermittently in comparison with fat rams. These results are in agreement with my 
hypothesis 2.2, where I expected the lower BMR and higher body-water-content attributed to 
thin animals to alleviate the effects of water restriction on their feed intake digestive capacity 
and nitrogen metabolism. 
Alfalfa-realimented animals had the highest feed intake under both once-daily and twice­
daily drinking regimes. However, when watered intermittently, these animals, which were 
experiencing compensatory growth, experienced a drop in their DMI, DDMI, MEI, and nitrogen 
intake. Such a decrease, and in conformity with my hypothesis 2.2, is very small when compared 
with the dramatic drop in intake of fat animals under the same feeding and watering conditions. 
DMI as well as nitrogen intake of water-restricted compensating rams was at the same level as 
non-compensating animals when watered once or twice daily. The driving forces behind this 
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phenomenon are certainly the reduced metabolic rate, the compensatory growth demand, and the 
extra body water of realimented thin rams, which combined were able to override the water 
restriction effect. 
Twice-daily drinking did not significantly change compensating animals' feed intake, 
nitrogen intake, or digestive capacity. Their nitrogen retention efficiency, which is defined as the 
ratio of nitrogen retention to nitrogen intake, also remained independent of drinking frequency. 
Summary and Conclusions 
Overall the results of this experiment show that intermittent drinking in summertime is 
well tolerated by Beni Gui) rams, and that their plasma Na, K, and protein concentrations are not 
affected by this level of water restriction. Summer intermittent drinking severely reduced sheep 
feed intake when the diet was of high quality, but less when the diet was of low quality. 
Watering sheep twice daily under these conditions did not have any effect on the level of feed 
intake for either of the experimental diets. Reduction in dry matter intake as a consequence of 
decrease in water intake was at 20% under the alfalfa diet and high body condition and around 
15% and 12% under low body condition and straw diet, respectively. 
Watering frequency had little effect on digestive capacity, but intermittent drinking 
improved nitrogen balance and increased retained nitrogen to the level of non-water-restricted 
animals, in spite of the lower nitrogen intake level of the intermittently watered rams. Weight 
gain was not affected by drinking frequency. Lowered body condition increased feed intake and, 
to a large extent, efficiency of nitrogen retention. This increase in nitrogen retention was due to a 
post-absorpative improvement in utilization of this nutrient and not to improvement in 
digestibility. Nitrogen digestibility remained constant regardless of body condition. 
Intermittent drinking in summer reduced water intake and water losses in feces and 
evaporation. Reductions in water intake of intermittently watered rams was significant for 
alfalfa-diet rams, but not for straw-diet rams, and was also significant for fat rams, but not for 
thin rams. 
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From the preceding, I conclude that if animals are to be maintained in high body 
condition, or if they are in a compensatory growth state, watering them intermittently will 
severely reduce their digestible dry matter intake and will be detrimental to body condition and 
growth rate. However, when animals are already in low body condition and are consuming a 
low-quality diet, intermittent drinking will not be harmful to them and may even improve their 
nitrogen retention. One might be tempted to infer from this conclusion that I am recommending 
that, in summertime and to overcome shortages in feed and water, animals should be placed in a 
low body condition and watered intermittently. However, what I am recommending is, simply, 
that animals can be watered intermittently when they are thin and only low-quality forage is 
available on the range and adequate supplementation is not possible. If animals are grazing salty 
vegetation such as Atriplex, Sa/so/a, or other similar species, intermittent drinking may not be 
recommended. Twice-daily drinking was of a very limited benefit to feed intake and utilization 
by sheep in my experiment. 
It is also important to point out that the conclusions and recommendations of this 
experiment are applicable to rams, and that comparable experiments need to be conducted to 
determine to which extent these recommendations can be applied to other sheep categories (i.e., 
pregnant or lactating females) and species. Also in my experiment, rams were confined in 
metabolic cages, which allowed them to save energy and some water which would otherwise be 
utilized if rams were walking. Further research is, consequently, needed to evaluate the effect of 
walking and other activities on livestock water utilization. 
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SYNTHESIS 
Feed and water shortages are common for livestock in arid and desert environments, 
especially in dry seasons and during droughts. Instead of attempting to control the highly 
variable nonequilibrium system (Behnke and Scoones 1993), producers adapt to it by adopting 
what modern ecology refers to as opportunistic management, based on flexibility and 
transhumance. In these regions, seasonal weight loss by animals is an important means of 
supporting a higher livestock population and achieving a higher productivity per hectare than 
would be possible if weight were maintained. In the Moroccan Pre-Sahara, livestock are 
managed such that all animal sex and age categories are present on the range year-round. Many 
of these animals are not supplemented adequately during periods of forage scarcity. As a 
consequence, sheep and goats are often subject to undernutrition and loss in body condition. A 
consequence of this weight-gain, weight-loss scenario is that animals are retarded in attaining 
mature weight and must be retained longer before being marketed, thereby increasing their life­
long demand for forage. 
Numerous questions of technical, economic, social, political, and environmental natures 
are constantly being raised when seeking an optimum sustainable utilization of the resources in 
these systems. My metabolism experiment and field study were designed to be a contribution in 
the long process of attempts by many researchers to find adequate answers to some of these 
questions. I have explored ways of optimizing water and feed resources both at the animal and 
the pastoral system scales. 
Data from the metabolism experiment agree with earlier findings that when sheep are in 
low body condition, they have relatively higher feed intake and nitrogen retention. Furthermore, 
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improvement in nitrogen retention was greatest when diet quality was low. Thin sheep consumed 
more water than did fat sheep, which helped them excrete the additional waste produced by the 
higher level of feed intake. Nevertheless, their lower water-to-dry-matter-intake ratio indicates 
that, in comparison with fat rams, they were more efficient in water utilization. 
Intermittent drinking, as compared to daily drinking, had very little effect on 
concentrations of 2 major plasma electrolytes, Na and K, or on plasma protein concentration. It 
also had no effect on the water-to-OM-intake ratio, showing that overall this level of water 
restriction was very well tolerated by this desert-adapted Beni Gui! breed. These sheep also 
showed a lower body mass loss as the result of 48 hours dehydration, compared to Marwari 
sheep, a breed reported to be among the most dehydration-tolerant (Ghosh et al. 1976). 
Tolerance to intermittent drinking by Beni Gui! sheep mitigated the effects observed in certain 
less-tolerant breeds (medium wool Merinos, fine wool Merinos and Border Leicestors) on their 
feed intake, water turnover reduction, and improvement in nutrient utilization (Wilson 1969). 
When watered intermittently, the 16% reduction of both OM and water intakes in Beni Gui I rams 
was similar to the 15% reductions recorded for Sudanese desert-adapted Butana beep 
(Abdellatif and Ahmed 1992). 
Overall, drinking frequency mainly affected feed intake and water balance of Beni Gui! 
sheep. Nutrient utilization and nitrogen metabolism were also influenced, but to a lesser extent. 
This result supports the conclusion drawn from several studies by Silanokove ( 1992), that when 
animals are fed for near-maintenance conditions, water restriction causing reductions of IO to 
30% in feed intake is not expected to appreciably affect digestion and passage rate per se. 
Several studies have reported greater improvements in nutrient utilization than I observed for 
different breeds of sheep and goats under dehydration conditions lasting 3 days and more 
(Moussa et al. 1983, Silanikove and Brosh 1989, Brosh et al. l 986b). However, such 
experiments may be irrelevant when the tested watering regimes are not practiced by herders. 
Watering frequencies less than once every 2 days were uncommon in my study area. 
Intermittent drinking reduced water intake of fat animals by 24%, but had no significant 
effect on that of thin animals. Also rams fed alfalfa drank 20% less when watered intermittently 
than when watered once daily, whereas those fed straw drank the same amount under both 
watering trequencies. Under the intermittent drinking regime, DDMI was reduced by 18% when 
animals were fat compared to only 11 % when they were thin, and by 16% when they were fed an 
alfalfa diet compared to a nonsignificant I 0% decrease when fed straw. 
I conclude from these results that intermittent drinking has manifest negative effects 
when animals are in high body condition or when they are fed high-quality diets. Consequently, 
if rams are to be maintained in high body condition or if they are in a compensatory growth 
stage, such as during the spring flush of forage growth, watering them intermittently wi II 
severely reduce their DDMI and reduce their body condition and growth rate. Intermittent 
drinking also limits the potential of a high-quality diet to sustain high body condition and yield. 
Intermittent drinking had a much smaller effect on intake of thin and straw-fed rams. 
Therefore, if animals are in low body condition, such as during droughts, and if supplementation 
or selling cannot be accomplished economically, intermittent drinking has the same effect on 
water intake, digestible dry matter intake, and nitrogen intake as once-daily or twice-daily 
drinking. Intermittent drinking in this case has the advantage of improving nitrogen retention and 
saving water and allowing animals to graze areas at ieast 2 days of walking distance from the 
water point without need for water transportation. When animals are supplemented or grazing 
salty vegetation, intermittent drinking is not recommi.:nded. 
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Intermittent watering of livestock when feed quantity and quality are low can also be 
more profitable to producers who haul water for their livestock. Reduction in water intake as a 
consequence of intermittent drinking is estimated only at 11 %, but it can be substantial when 
summed across large numbers of animals during the entire dry period and for all producers. 
Savings in water transport during the 4 hottest months in the area (late May, June. July, August 
early September) show a mean of 97 DH per producer when equines are utilized for water 
hauling, and I. 170 DH per producer when water is trucked. Considering the 6, 540 pastoralist 111 
the study area, 69% of which transport water with equines and 9% with trucks. savings during 
these months are estimated at 1,076, 175 DH, which could be invested in livestock 
supplementation or health care to help livestock withstand undernutrition. Note that these are 
out-of-pocket savings. If labor is included, the savings will at least double considering wages 
paid to herders (600 .00 DH per month) and truck drivers (1000.00 DH) in the region. 
Twice-daily drinking had a limited effect on feed intake and nutrient utilization by Beni 
Gui I sheep. Local producers seem to view this practice as either necessary or beneficial to 
animals being fattened or being fed high levels of supplementary feed. Such animals are 
typically watered 2 times every day during the entire supplementation or fattening period. 
However, considering the moderate improvement in digestible dry matter intake associated with 
this practice, an economic study is necessary to specifically investigate the profitability of this 
practice, especially when water is transported at high cost. 
Intermittent drinking is practiced extensively in the Moroccan Pre-Sahara only in the 
winter. Late summer/early fall is the period when intermittent drinking can be recommended for 
animals in low body condition consuming low-quality non-salty forage. Considerable savings 
stand to be realized, considering that presently only 2% of herders use intermittent watering in 
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summer and only 13% in the fall. As reported earlier, producers in the region prefer to ,vater 
their livestock once daily under all the circumstances, except when they are being supplemented 
or grazing salty vegetation, and then they prefer to water them twice daily. 
The Moroccan norm for maximum distance to be walked by herds to the nearest water 
point is 5 km. On average, herds in the study area are trekked 4.6 km to water. However, about 
28% of the producers are more than 5 km from water, and this distance can reach extremes of 40 
km. Moreover, many water points provide limited quantities of water, leading to incomplete 
satisfaction of water needs. The proportion of the herds meeting their complete water needs was 
estimated at 88% in winter, spring, and fall, but only 72% in summer. 
It is also important to point out that in the high plateaus, scarcity of water points is a 
tactical choice adopted by large producers, along with other strategies, including political 
influence and land cultivation, to keep small herders from using the better ranges of this region. 
They achieve this through political influence to forestall further water development in the area. A 
similar phenomenon is reported in several parts of the world. [n Algeria, wealthy flock-owners 
who previously had sole use of certain grazing lands because they alone could afford to transport 
livestock water there by truck, sabotaged windmills put in by government agencies which were 
intended to open up these grazing areas to use by other people (Coudere 1975). Some societies, 
like the Borana in Kenya and Ethiopia, also use control of access to wells as the basic means of 
controlling the behavior of group members (Legesse 1973). 
In the Moroccan Pre-Sahara, water is transported on equines, in equine-drawn carts, 
tank-trucks, tractor-pulled tanks, or by a combination of 2 or more of these methods according to 
availability. Lease of trucks is also practiced. The out-of-pocket cost of a liter of water 
transported by equines is roughly equivalent to the price paid by citizens in neighboring villages 
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and towns. However, when water is trucked for pastoralist families in the area, the cost is 15 
times higher. The daily per-capita household water use averages 13.2 liters. This volume is very 
low compared to the per-capita daily water consumption of 25 liters in neighboring rural areas 
and 80 liters in urban areas. The cost of water transportation is higher in the high plateaus, for 
transhumant pastoralists and for large herds. 
These data demonstrate an unequivocal water shortage in the study area for both humans 
and livestock. The question that follows is how can we assure a sufficient water supply while 
avoiding the well-known negative effects of water development (e.g., sacrifice areas, local 
overgrazing) and avoid obstacles related to the fragile socio-economic balances in this system? 
[n general, in the Moroccan Pre-Sahara there is a continuous effort for water 
development by the government and, to a small extent, by private producers. Wells are the 
dominant type of development in the area, but when underground water is lacking, cement run­
off harvesting reservoirs are also constructed. However, prior to any water development (which 
is a very controversial issue in such fragile systems), several steps can be taken: 
1. Water can be saved when it is the most scarce in dry seasons through intermittent
watering of thin animals when food quantity and quality are at their lowest levels. 
2. Improvement of the watering capacity of water sources by improving or increasing
the number of drinking troughs and installing equipment that will shorten herds' waiting 
time at the water point in favor of longer grazing time. 
3. Eliminating nonproductive (old, handicapped) animals that would save not only
water, but also feed and other inputs. 
These measures alone are certainly not sufficient to insure adequate supply of water for 
the population and its livestock. Water development remains a solution that has to be 
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implemented. Properly planned and managed water development has several advantages such as 
helping achieve better distribution of livestock on the range, reducing time and energy spent by 
livestock or pastoralists to acquire water supplies, opening previously ungrazed areas to reduce 
grazing pressure on heavily grazed pastures, and improving livestock watering regimes, which in 
turn improves production. Properly planned and managed water development in the Moroccan 
Pre-Sahara will have an additional important advantage by reducing the extra burden placed on 
the forage resource by the huge population of equines maintained for the sole purpose of water 
transport. However, new watering facilities also increase areas exposed to degradation, and may 
change in undesirable ways the season and length of time ranges are utilized. 
The development of pastoral water is very closely connected with range management, 
because access to water is a key factor controlling access to pasture. For Sandford ( 1983 ), water 
development is a prerequisite of a rest rotation grazing system, which he sees as a means of 
achieving a relatively even grazing pressure throughout a pastoral region. However, application 
of rest rotation grazing programs, as recommended by Sandford and as adopted at the present 
time in the Moroccan Pre-Sahara, remains a challenge because of land tenure and territorial 
differences between tribes and fractions. We might think that privatization of common land 
could bring a solution to these problems, but this approach is not generally recommended for the 
world's commonly-grazed pastoral areas (Lawry et al. 1984. Behnke and Scoones 1993). Two 
main arguments against privatization can be mentioned. Smallness of herd size in these pastoral 
areas (75 sheep and goats in our case) renders producers incapable of capitalizing a ranching 
operation, including water supplies. The second point relates to modern ecological theory, which 
favors opportunistic management of nonequilibrium systems over large and diversified areas. 
Small fixed units are unable to achieve the good management recommended by modern range 
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ecology (Behnke and Scoones 1993). However, Lawry et al. (1984) cautioned that the existing 
situation, characterized by a virtual absence of grazing controls, widespread land degradation, 
growing impoverishment, and inequality among producers, does not provide the elements of a 
long-term communal tenure model of great inherent promise in this area. The situation is 
aggravated by an unsustainable human population growth and poverty, in addition to 
omnipresent territorial differences among tribes, which makes any implementation of a grazing 
scheme a difficult task. A total imbalance now prevails between the systems' resources and the 
population of humans and animals it weakly supports. 
I believe that if the Moroccan Pre-Sahara rangeland is to maintain its common-land 
status, serious efforts must be made to solve territorial disagreements among tribes. This is the 
only hope for programs to have a chance to be implemented and help save the area from an 
irreversible degradation. A second and equally critical measure to be taken is an attempt to 
establish a balance between the resources and their users. Other sources of income should be 
developed to reduce grazing and brush removal pressure on the land. Only when serious steps are 
taken towards these efforts for achieving a proper range management and a balance between the 
resources and their users will water development be able to solve water shortage problems and 
be an improvement tool. 
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Table Al. Variation of sheep fall watering regimes per zone, system and herd size 
during normal years (% of total herds) 
Watering regime (WR) Ilda/ 1/2 days l/3 days l/4 days 1/5 days l /8 days 2/day p < a 
Ecological zone (EZ) 
High Plateaus 23.2 5.8 l.O 2.2 
Mountains 29.8 4.5 l.O
Plain 24.9 2.7 2.0 l.O l .O 0.5 0.5 
Total 77.9 13.0 3.0 l .O l.O 0.5 3.7 0.0 l 
Pastoral system (PS) 
Nomadic 8.0 2.7 0.5 0.5 0.5 
Semi nomadic l 8.7 5.8 0.5 0.5 l .O 
Sedentary 51.2 4.5 2.0 0.5 0.5 2.7 
Total 77.9 13.0 3.0 l.O l.O 0.5 3.7 0.001 
Herd size (HS) 
Small 24.9 l.8 l.O
Medium 29.3 4.5 0.5 0.5 2.2
Large 23.6 6.7 2.5 0.5 l.O 0.5 0.5
Total 77.8 13.0 3.0 1.0 l .O 0.5 3.7 0.001 
a To run the chi square tests of the hypothesis of independence of WR and EZ. PS and HS, frequencies smaller 
than a I drink I 2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and semi 
nomadic pastoralists were also treated as one transhumant group. 
Table A2. Variation of sheep fall watering regimes per zone, system and herd size 
during dry years (% of total herds) 
Watering regime I/day Yi days l/3 days 2/days p <a 
·: co logical zone
High Plateaus 25.5 3.6 0.5 2.7 
Mountains 28.9 4.0 0.5 2.0 
Plain 28.5 2.7 l .O 
Total 82.9 10.2 l.O 5.7 NS 
Pastoral system 
Nomadic 8.9 2.7 0.5 
Semi nomadic 22.4 4.0 0.5 
Sedentary 51.6 3.6 l.O 4.7 
Total 82.9 10.2 l.O 5.7 0.01 
herd size 
Small 24.0 l .3 0.5 2.0 
Medium 29.8 4.0 3.2 
Large 28.9 4.9 0.5 0.5 
Total 82.7 10.2 1.0 5.7 NS 
a To run the chi square tests of the hypothesis of independence of WR and EZ. PS and HS. frequencies smaller 
than a I drink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic anc! ,emi 
nomadic pastoralists were also treated as one transhumant group. 
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Table A3. Variation of sheep winter watering regimes per zone, system and herd size 
during normal years(% of total herds) 
Watering regime lid 1/IOd lll 5d 112d ll3d ll4d ll5d ll6d l/7d ll8d 2ld p < a 
Ecological zone: 
High Plateaus 
Mountains 
Plain 
Total 
Pastoral system: 
Nomadic 
Semi nomadic 
Sedentary 
Total 
herd size: 
Small 
Medium 
Large 
Total 
6.7 
10.2 
12.9 
29.8 
4.0 
6.3 
19.6 
29.8 
12.9 
8.0 
0.5 
0.5 
0.5 
0.5 
8.9 0.5 
29.8 0.5 
1.0 
1.0 
0.5 
0.5 
1.0 
20.4 
20.4 
8.4 
49.3 
4.5 
14.7 
30.2 
49.3 
4.0 
3.6 
6.2 
13.8 
1.5 
4.0 
8.5 
13.8 
0.5 
1.0 
1.5 
0.5 
1.0 
1.5 
I I.I 2.7 0.5 
20.9 6.2 
1.0 17.3 4.9 1.0 
1.0 49.3 13.8 1.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 
0.5 
0.5 
1.0 
0.5 
0.5 
0.5 
1.0 
0.5 
1.5 
0.5 
1.0 
1.5 
1.5 
0.001 
NS 
1.5 0.0 I 
a To run the chi square tests of the hypothesis of independence of WR and EZ, PS and HS, frequencies smaller 
than a I drink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and semi 
nomadic pastoralists were also treated as one transhumant group. 
Table A4. Variation of sheep winter watering regimes per zone, system and herd size 
during dry years(% of total herds) 
Watering regime 
Ecological zone: 
High Plateaus 
Mountains 
Plain 
Total 
Pastoral system: 
Nomadic 
Semi nomadic 
Sedentary 
Total 
herd size: 
Small 
Medium 
Large 
Total 
l Id
9.8 
13.5 
16.5 
39.8 
7.6 
8.9 
23.3 
39.8 
13.0 
11.6 
15.2 
39.8 
ll2d 
20.0 
20.0 
8.9 
48.9 
4.0 
14.7 
30.2 
48.9 
I 1.2 
20.8 
16.9 
48.9 
ll3d 
1.5 
1.5 
5.5 
8.5 
1.0 
2.6 
4.9 
8.5 
3.0 
3.0 
2.5 
8.5 
ll4d 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
ll6d 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
2d 
0.5 
1.0 
1.5 
1.5 
1.5 
0.5 
0.5 
0.5 
3.0 
0.001 
NS 
NS 
a To run the chi square tests of the hypothesis of independence of WR and EZ, PS and HS. frequencies smaller 
than a ldrink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and semi 
nomadic pastoralists were also treated as one transhumant group. 
Table AS. Variation of sheep spring watering regimes per zone, system and herd size 
during normal years(% of total herds) 
Watering regime 
Ecological zone: 
High Plate aus 
Mounta ins 
Plain 
lid 1/IOd l/15d ll2d l/3d 
10.2 
10.5 
2.0 2.5 4.5 0.5 
ll20d ll3d ll5d 
4.5 0.5 
3.1 
l.0 0.5 
ll6d I l8d 2ld 
1.5 
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Total 
15.6 
21.8 
20.4 
57.8 2.0 2.5 25.0 0.5 8.6 0.5 0.5 
0.5 
0.5 
l.O
l.O 1.5 0.01 
P astoral system: 
Nomadic 
Semi n omadic 
Sedentary 
Total 
herd s ize: 
Small 
Medium 
Large 
Total 
4.9 
12.5 
40.4 
57.8 
20.5 
23.5 
13.8 
57.8 
0.5 
l.5
2.0
0.5 
1.5 
2.0 
1.5 
l.O 
2.5 
0.5 
2.0 
2.5 
3.6 
8.5 
12.9 
25.0 
6.0 
8.0 
11.2 
25.0 
1.5 
2.7 
4.2 
8.4 
0.5 
3.0 
4.9 
8.4 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 
l.O
0.5 
1.0 
l.5
0.5 
l.O
1.5 
0.01 
0.001 
a To run the chi square tests of the hypothesis of independence of WR and EZ, PS and HS. frequencies smaller 
than a I drink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and semi 
nomadic pastoralists were also treated as one transhumant group. 
Table A6. Variation of sheep spring watering regimes per zone, system and herd size 
during dry years (% of total herds) 
Watering regime 
Ecological zon e :  
High Plate aus 
Mountains 
Pl a in 
Total 
P astoral system: 
Nomadic 
Semi n omadic 
Sedentary 
Total 
herd s ize: 
Small 
Medium 
Large 
Total 
lid 
19.2 
25.3 
26.2 
70.7 
8.5 
14.7 
47.6 
70.8 
21.9 
28.9 
20.0 
70.8 
112d 
10.2 
9.3 
5.3 
24.9 
3.1 
l l. 1 
10.8 
25.0 
5.3 
7.1 
12.5 
25.0 
l/3d 
l.5
0.5 
2.0 
0.5 
0.5 
l.O
2.0 
2.0 
2.0 
ll4d 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
2ld 
1.5 
1.5 
0.5 
1.0 
l.5
0.5 
1.0 
1.5 
0.05 
0.01 
0.01 
a To run the chi square tests of the hypothesis of independence of WR and EZ, PS and HS. frequencies smaller 
than a l drink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and semi 
nomadic pastoralists were also treated as one transhumant group. 
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Table A 7. Variation of sheep summer watering regimes per zone, system and herd size 
during normal years(% of total herds) 
Watering regime lid l /2d 1/]d 2/d 3/d p < a 
Ecological zone: 
High Plateaus 26.7 0.5 4.5 0.5 
Mountains 25.8 l .5 8.0 
Plain 26.2 0.5 5.3 
Total 78.7 2.0 0.5 17.8 0.5 NS 
Pastoral system: 
Nomadic 10.7 1.3 
Semi nomadic 20.4 l .O 5.3 
Sedentary 47.6 l .O 0.5 I I. I 0.5 
Total 78.7 2.0 0.5 17.8 0.5 NS 
herd size: 
Small 21.3 5.8 
Medium 29.8 0.5 6.7 0.5 
Large 27.6 1.5 0.5 5.3 
Total 78.7 2.0 0.5 17.8 0.5 NS 
a To run the chi square tests of the hypothesis of independence of WR and EZ. PS and I-IS, frequencies smaller 
than a I drink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and scrn1 
nomadic pastoralists were also treated as one transhumant group. 
Table A8. Variation of sheep fall watering regimes per zone, system and herd size 
during dry years (% of total herds) 
Watering regime 1/d I/2d 1/]d 2d Jct p < a 
Ecological zone: 
High Plateaus 27.1 0.5 4.00 0.5 
Mountains 24.0 0.5 10.7 
Plain 25.3 0.5 6.2 
Total 76.4 1.0 0.5 20.9 0.5 NS 
Pastoral system: 
Nomadic 9.3 0.5 2.2 
Semi nomadic 21.8 4.9 
Sedentary 45.3 0.5 0.5 13.8 0.5 
Total 76.4 1.0 0.5 20.9 0.5 NS 
herd size: 
Small 20.4 6.7 0.5 
Medium 28.0 1.0 8.0 
Large 28.0 0.5 6.2 
Total 76.4 1.0 0.5 20.9 0.5 NS 
a To run the chi square tests of the hypothesis of independence of WR and EZ, PS and HS. frequencies smaller 
than a I drink/2 days were grouped and so were frequencies higher than two drinks per day. Nomadic and semi 
nomadic pastoralists were also treated as one transhumant group. 
i 
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Table B. Survey on livestock watering practices : data collection sheet 
Survey on livestock watering practices in the Moroccan Pre-Sahara 
Date: 
Name of the producer: ------ -- - -- --- --- --- - �
Rural Community: Caidat: - - --- - --- ----- -- - ---- -
Circle: _____ _ _ _ __ _ _ _ ___ _ _ Housing: lent. house. 
both. 
Farthest distance traveled annually in transhumance: - ----
- Livestock numbers:
Breeding females Breeding males y oung TOTAL 
Sheep 
Goats 
Dromedaries 
Cattle 
Equines 
- Herd management:
Breeding time Lambing period Selling Buying period 
period 
Sheep males 
females 
Goats males 
females 
Livestock categories watered at water point and at the camp: 
Category Lambs Kids Sick -------
Number watered Sheep 
!at water point 
Goats 
Number watered Sheep 
Iat the camp I Goats 
Table B continued 
- Livestock watering frequencies:
Specie Autumn Winter Spring Summer 
Nor. Dry Nor. Dry Nor. Dry Nor. Dry 
year year year year year year Year year 
Watering regime: 
- 2 times/day
Sheep - I time/d
- 1 time/2d
- I time/3d
Goats 
- I time/5d
- Other
Camels 
What is the duration of a watering? Morning: ___ _ Evening: _____ _ 
Are watering regimes always respected? Yes No 
When aren't they?---------- - -------- - - - -------
lf not what are the regimes applied occasionally? _____ _________ _ _ 
- If water is carried to animals:
Autumn Winter Spring Summer 
Nor. Dry Nor. Dry Nor. Dry Nor. Dry 
year year year year year year Year year 
Method: -Transport
-Nbr oftrips/d.
Equines -Water Source
-Distance /trip
Cart 
-Capacity
Truck -Gas/trip
-cost/trip
Other: include gas
-------
-Nb heads
watered at a-------
time
Table B. continued 
- Satisfaction of livestock water requirements
Autumn Winter 
Specie Nor. 
year 
Portion of 
Sheep 
requirement 
sat is tied
0- 100%? Goats 
-Utilized Water Points (WP):
-Name & place of WP
-Nature of the WP
-Discharge, water quality
-Distance from camp
-Owner of WP
-Manager of WP
-Age of WP
-Depth in meters
-Species using WP.
-Total I ivestock/ WP
- umber of heads that can
drink at one time
Refer to: 1995-1996 as a normal year: 
1994-1995 as a dry year: 
Dry Nor. Dry 
year year year 
Fall Winter 
WP WP WP WP 
l 2 l 2 
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Spring Summer 
Nor. Dry Nor. 01')-
year year Year year 
Spring Summer 
WP WP WP WP 
I 2 l 2 
147 
Table Cl. Interaction of body condition and drinking frequency on plasma sodium, 
potassium and protein concentrations 
Sodium 
Potassium 
Protein 
High body condition 
1/2daysd 
153b 
5.5 
66' 
!/day 
151 ab
5.6 
64'b
2/day 
149' 
5.7 
60bc
Low body condition 
I /2days 
I 52'b
5.6 
63abc
I/day 
151 ab
5.9 
61 be
2/day 
150' 
5.9 
60c 
Standard 
Error 
0.1 
a.b.c Values are Least square means (n = 12); values within the same variable bearing different superscripts differ
significantly at P < 0.05.
d I /2days = I drink per 2 days : I I day= I drink per day : 2/day = 2 drinks per day.
Table C2. Plasma Na, Kand protein: treatment effects 
High body condition Low body condition Standard 
Watering regime l /2days 1/dayb 2/day I /2days I/day 2/day Error 
Diet 
Plasma Na (mmol /I) Alfalfa 155' 152 151 151 151 150 
Straw 153 152 148 152 151 150 
Plasma K (mmol /1) Alfalfa 5.3 5.7 5.3 5.9 5.9 5.9 0.2 
Straw 5.7 5.4 6.1 5.4 5.9 5.9 0.2 
Plasma protein (g/1) Alfalfa 66 66 59 62 63 61 2 
Straw 65 63 62 60 59 60 2 
a Values are least square means (n = 6) 
b l/2days = I drink per 2 days; I I day= I drink per day; 2/day = 2 drinks per day. 
Table C3. Feed intake and digestibility: treatment effects 
High body condition Low body condition Standard 
Watering frequency l /2days 1/da/ 2/day I /2days I/day 2/day Error 
Diet 
DMI Alfalfa 54.2' 70.9 71.6 70.0 82.6 88.2 2.7 
(g I Kg 75 /day) Straw 39.5 47.3 46.5 51.8 56.1 59.4 2.7 
DMI Alfalfa 0.85 1.08 1.07 0.89 1.02 I. I I 0.04 
(kg /ram/day) Straw 0.56 0.70 0.65 0.62 0.64 0.71 0.04 
MEI Alfalfa 130.3 168.9 179.1 174.6 197.3 213.4 7.0 
(Kcal I Kg 75 /day) Straw 80.0 89.8 91.3 98.1 107.3 I I I. I 7.0 
Digestible DMI Alfalfa 37.7 48.2 51.8 50.3 57.1 61.5 2.1 
(g I Kg 75 /day) Straw 23.0 25.5 25.7 27.8 30.7 32.oe 2.1 
a Valeus are least square means (n = 6) 
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Table C4. Fecal output and digestibility coefficients: treatment effects 
High body condition Low body condition Standard 
Watering freq. l/2days 1/da/ 2/day l/2days I/day 2/day Error 
Diet 
Fecal output Alfalfa 16.4 22.7 19.8 19.7 25.5 26.8 I. l
(gDM I Kg 75) Straw 16.5 21.8 20.9 24.0 25.4 27.5 I. I
Fecal moisture Alfalfa 53.4 57. l 58.0 54.7 56.9 62.1 1.6 
(%) Straw 58.2 64.7 64.1 59.7 62.1 65.1 1.6 
OM dig.(%) Alfalfa 69.6 68.4 72.2 71.6 69.0 69.5 I. 1
Straw 57.6 53.8 56.4 53 .4 54.3 53.8 11
OM dig.(%) Alfalfa 70.7 69.9 73.4 72.9 70.2 70.8 1.2 
Straw 60.4 57.2 59.2 57.1 57.3 56.7 1.5 
NDF dig.(%) Alfalfa 51.0ade 52.4'd 57.3b 54. 7'b 5 J .6ade 54.0"b 1.7 
Straw 50 .2acde 4 7.1 cefg 46.3cfg 44.1 r 48.9cdeg 44.51g 1.7 
Cell sol. Dig. Alfalfa 88.8 82.6 86.0 88.0 85.5 84.3 I. I 
(%) Straw 77.7 70.6 74.1 74.2 72.6 74.1 I.I
Nitrogen dig. Alfalfa 78.30 75.6 78.9 78.7 76.8 76.7 1. 7 
(%) Straw 35.8 31.2 31.5 33.1 31.9 28.8 1.7 
a,b ,c .d .eJ.g Values are least square means (n = 6); values within the same variable bearing different
subscripts differ significantly at P < 0.05. 
h I /2days = I drink per 2 days ; l I day= l drink per day ; 2/day = 2 drinks per day. 
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Table CS. Water balance per ram and water turnover rate: main effects 
Body condition Diet Water regime 
Standard 
Watering frequency High Low Alfalfa Straw 1/2days I/day 2/dayc Errord 
Water intake (I/day) 3.55" 3.12b 3.94' 2.74b 2.94b 3.46' 3.61' 0.10 
Food water intake (ml/day) 37.8 38.1 47.1' 28.7b 34.6b 39.4' 39.7' 1.0 
Metab. Water (ml/day) 271.3 273.3 352.3' I 92.2b 244.2b 280.0' 292.6' 7.5 
Total water gain (I/day) 3.86' 3.43b 4.34• 2.96b 3.22
b 3.78' 3.94' 0.10 
WTO (ml/kglwiday ) 104.9' 121. 9b 130.7' 96. l b 98.8b 117.7" 123.6' 3.1 
WI I DMI (I/kg) 4.4• 3.8
b 3.9' 4 '> b ,.) 4.1 4.1 4.2 0.1 
Fecal water (ml/day) 442.3 468.1 413.3' 497.1 b 340.2b 497.2' 528.4' 20.8 
Urine volume (ml/day) 492.5 484.7 610.6' 366.6b 442.8' 4 71.7• 551.0b 24.4 
Insensible w. (I/day/ram) 2.92' 2.41 b 3.22' 2.1 l b 2.39b 2.78' 2.81 a 0.08 
Insensible /water gain (%) 75.2' 69.3b 74.0' 70.5b 73.6' 72.6b 70.4 b 0.9 
a.b Values are least square means (for diet and body condition n = 36, for watering regime n = 24); 
values within the same variable concerning the same factor bearing different subscripts differ 
significantly at P < 0.0 I 
c l/2days = l drink per 2 days ; l I day= I drink per day ; 2/day = 2 drinks per day. 
d Maximum Standard Error 
Table C6. Water balance and water turnover rate per kg of metabolic weight: 
treatment effects 
High body condition 
Watering regime l /2days l/da/ 2/day 
Diet 
Water intake Alfalfa 212.6' 297.0 301.7 
(m I/kg 75/day) Straw 173.2 212.3 227.1 
Food water intake Alfalfa 2.6 .., .., .., .., .J . .J .J . .J 
(ml/kg 75/day) Straw 1.8 2.2 2.0 
Metabolic water Alfalfa 18.8 24.3 25.9 
(ml/kg 75/day) Straw 12.4 14.0 13.8 
Water turnover Alfalfa 234.1 324.6 330.9 
(ml/kg 75/day) Straw 187.4 228.4 242.8 
WDMR (I/kg) Alfalfa 4.2 3.9 4.3 
Straw 4.7 4.7 5.0 
Fecal water output Alfalfa 19.3 31.7 27.7 
(ml/kg 75/day) Straw 23.0 40.5 38.0 
Urine volume Alfalfa 33.0 41.2 47.0 
(ml/kg 75/day) Straw 21.0 25.0 30.2 
Insensible loss Alfalfa 177.3 246.2 251.0 
(ml/kg 75/day) Straw 146.2 170.1 176.9 
Insensible loss/ Alfalfa 75.7 75.8 75.5 
water gain(%) Straw 77.7 74.4 72.2 
Retained water Alfalfa 72.0 85.4 81.2 
(ml per ram) Straw -39.7 -25.0 -31.6
•values are least square means (n = 6)
Low body condition 
l /2days 
267.l
206.8
.., .., 
.) . .) 
2.4 
25.3 
15.3 
295.6 
224.4 
3.7 
3.8 
23.7 
35.9 
40.5 
36.2 
222.9 
149.5 
74.8 
66.1 
109.8 
3 7.4 
I/day 2/day 
304.4 320.4 
209.0 223.6 
3.9 4.1 
2.4 2.6 
28.7 30.9 
16.5 17.3 
337.0 355.3 
227.9 243.5 
3.8 3.7 
4.1 3.8 
34.4 44.4 
42.2 51.7 
46.6 56.8 
27.7 29.9 
246.8 244.6 
154.7 158.8 
73.2 68.8 
67.6 65.2 
112.4 120.7 
38.5 36.8 
Standard 
Error 
13.8 
13.8 
0.1 
0.1 
1.0 
1.0 
14.3 
14.3 
0.2 
0.2 
2.9 
2.9 
3.6 
3.6 
12.0 
12.0 
1.8 
1.8 
6.4 
6.4 
O J /2days = I drink per 2 days ; I I day = 1 drink per day ; 2/day = 2 drinks per day.
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Table C7. Water balance and water turnover rate per ram per day 
High body conditipn Low body condition Standard 
Water frequency l /2days 1/dayb 2/day I /2days I/day 2/day Error 
Water balance: Diet 
Water I: (ml/day) Alfalfa 3.36' 4.54 4.55 3.37 3.77 4.02 0.20 
Straw 2.52 3.15 3.20 2.50 2.40 2.67 0.20 
Food WI: (ml/day) Alfalfa 41.6 50.3 50.0 42.0 47.9 50.7 2.0 
Straw 25.9 31.7 27.1 29.0 27.8 30.9 2.0 
Metabolic water: Alfalfa 296.0 370.2 385.6 320.1 354.7 386.3 15.2 
(ml/day) Straw 176.7 206.5 192.5 183.1 188.8 206.0 15.2 
Total water gain: Alfalfa 3.67 4.96 4.99 3.74 4.18 4.46 0.21 
(I/day) Straw 2.72 3.38 3.42 2.71 2.61 2.90 0.21 
Water turnover: Alfalfa 93.5 130.9 134.1 127.1 145.7 152.9 6.1 
(ml/kglw/ day ) Straw 76.9 93.1 100.7 97.8 IO 1.2 106.6 6.1 
WI I DMI: (I/kg) Alfalfa 3.9 4.2 4.3 3.8 3.7 3.7 0.2 
Straw 4.7 4.5 5.0 4.1 3.8 3.8 0.2 
Fecal water: (ml/day) Alfalfa 300.7 484.9 412.7 300.7 425.8 555.0 41.7 
Straw 327.0 500.0 528.5 432.8 478.0 616.4 41.7 
Urine volume: (ml/day) Alfalfa 523.7 628.4 706.3 509.7 577.6 717.8 48.9 
Straw 303.8 368.4 424.5 434.0 312.4 356.7 48.9 
Insensible water loss: Alfalfa 2.80 3.76 3.79 2.82 3.06 3.07 0.17 
(I/day/ram) Straw 2.13 2.52 2.50 1.81 1.78 1.89 0.17 
'Values are least square means (n = 6) 
b I /2days = I drink per 2 days ; I I day= I drink per day ; 2/day = 2 drinks per day. 
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Table CS. Nitrogen balance per ram: main effects 
Body condition Diet Watering reoime Standard 
g/ram/day 
Nitrogen intake: 
Fecal nitrogen: 
Urine nitrogen: 
Nitrogen balance: 
High 
11.6 
,, ,, 
.),.) 
5.5' 
2.8 
Low Alfalfa 
11.4 20.0' 
3.3 4.4' 
4.7b 8.6' 
3.48 6.9' 
Straw I /2days I/day' 2/day Errord 
3.0b I 0.3b I l .8' 12.4' 0.4 
2. I b 2.8b 3.5 a 3.53 0.1 
l .6b 4.5 5.1 5.7 0.3 
-0.7b 3.0 3.2 3.2 0.3 
a.b Values are least square means (for diet and body condition n = 36, for watering regime n = 24); 
values with in the same variable concerning the same factor bearing differer· subscripts differ 
significantly at P < 0.0 I. 
c l/2days = I drink per 2 days ; I I day= I drink per day; 2/day = 2 drinks per day. 
d Maximum Standard Error 
Table C9. Nitrogen balance and efficiency of retention per metabolic weight: treatment 
effects 
High body condition Low body condition Standard 
Watering frequency l /2days 1/dayb 2/day l /2days I/day 2/day Error 
Diet 
N intake: Alfalfa 11 18.3' 1422.8 1436.4 1409.6 1581.0 1755.3 59.1 
(mg/kg 751day) Straw 186.0 218.6 215.5 248.4 258.2 277.8 59.1 
Fecal N Alfalfa 242.7 347.9 300.1 295.8 361.1 400.0 13.5 
(mg/kg 75/day) Straw 118.5 150.8 148.0 164.8 174.6 198.8 13.5 
Urine N Alfalfa 479.3 604.5 719.2 583. l 646.5 703.4 34.2 
(mg/kg 75/day) Straw 120.5 143.2 137. l 114.6 116.2 113.3 34.2 
Absorbed N Alfalfa 875.6 1075.0 1136.3 1113.7 1219.9 1355.3 54.8 
(mg/kg 75/day) Straw 67.5 67.8 67.5 83.6 83.6 79.0 54.8 
Retained N Alfalfa 396.2 470.5 417.0 530.6 573.2 65 l.8 49.7 
(mg/kg 75/day) Straw -53.0 -75.5 -69.4 -3 1.1 -32.7 -34.6 49.7
N use efficiency Alfalfa 34.9 32.7 29.3 36.7 35.7 35.8 5.6 
(%) 
Straw -32.4 -36. l -35.2 -13.5 -12.9 -12. 7 5.8
·' Valeus are least square means (n = 6)
b 1 /2days = 1 drink per 2 days ; I I day= I drink per day ; 2/day = 2 drinks per day.
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Table ClO. Nitrogen balance per ram: treatment effects 
High bodv condition Low bodx: condition Standard 
watering regime l/2days 1/da/ 2/day l/2days I/day 2/days Error 
(mg/kg rnday) Diet 
Nitrogen intake: Alfalfa 17.5 21.6" 21.4 17.9 19.5 21.9 0.7 
Straw 2.7 3.2 3.0 3.0 2.9 3.3 0.7 
Fecal nitrogen: Alfalfa 3.8 5.3 4.5 3.7 4.5 5.0 0.2 
Straw 1.7 2.2 2.1 2.0 2.0 2.4 0.2 
Urine nitrogen: Alfalfa 7.5 9.2 10.7 7.3 8.0 8.8 0.4 
Straw l.7 2.1 1.9 l .4 1.3 1.4 0.4 
Retained nitrogen: Alfalfa 6.2 7.2 6.2 6.8 7.1 8.1 0.7 
Straw -0.8 -1 . 1 -0.9 -0.4 -0.4 -0.4 0.7 
"Values are least square means (n = 6) 
b l /2days = l drink per 2 days; I I day= I drink per day; 2/day = 2 drinks per day. 
Table Cl 1. Interactions of body condition, watering frequency and diet on body weight 
High body condition Low body condition Standard 
Watering regime l/2days 1/da/ 2/day l /2days !/day 2/day Error 
(kg) Diet 
Starting wgt. Alfalfa 30.36 29.97 29.81 30.04 28.08 28.14 0.84 
Straw 29.56 30.80 29.54 28.67 28.35 28.3 I 0.84 
Wgt. of the first Alfalfa 36.98 36.20 35.63 26.30 25.62 25.27 0.84 
Day in cage Straw 35.58 36.48 35.20 25.28 25.60 26.93 0.84 
Wgt. on I th day Alfalfa 35.43 38.08 37.10 26.80 28.45 29.50 0.84 
of data collection Straw 35.33 35.73 33.83 24.12 26.38 27.57 0.84 
Metabolic wgt. Alfalfa 15.75 15.25 15.02 12.75 12.31 12.54 0.27 
Straw 14.43 14.66 13.89 12.08 11.40 11.92 0.27 
Wgt. on last day Alfalfa 35.68 39.55 38.49 30.48 30.18 29.95 0.89 
in the experiment Straw 34.08 35.47 33.97 26.80 27.06 28.33 0.89 
Daily wgt. gain (g) Alfalfa 110.30 13 1.29 124.61 168.68 173.25 185.97 9.40 
Straw -60.59 -38.80 -48.64 57.94 59.08 56.62 9.40 
"Values are least square means (n = 6) 
b I /2days = l drink per 2 days ; I I day = I drink per day ; 2/day = 2 drinks per day. 
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Table Dl. Dependent Variable: Distance from water 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 17 20031.5953 I 178.3291 46.19 0.0001 
Error 1782 45462.6986 25.5122 
Corrected Total 1799 65494.2939 
ZONE 2 2759.43872 1379.71936 54.08 0.0001 
SYSTEM I 2636.78510 2636.78510 103.35 0.0001 
ZONE*SYSTEM 2 915.18699 457.59350 17.94 0.0001 
CLASS 2 1509.78479 754.89239 29.59 0.000 I 
ZONE*CLASS 4 1380.74147 345.18537 13.53 0.000 I 
SYSTEM*CLASS 2 795.68976 397.84488 15.59 0.000 I 
ZONE*SYSTEM* 4 425.05540 I 06.26385 4.17 0.0023 
CLASS 
Table 02. Dependent Variable: Number of trips to convey water with all interactions 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 17 160.790345 9.458256 17.91 0.0001 
Error 1782 941.177900 0.528158 
Corrected Total 1799 I IO 1.968244 
ZONE 2 26.7552316 13.3776158 25.33 0.0001 
SYSTEM 5.5687036 5.5687036 10.54 0.0012 
ZONE*SYSTEM 2 2.7885913 1.3942957 2.64 0.0716 
CLASS 2 0.0722123 0.036106 l 0.07 0.9339 
ZONE*CLASS 4 l 8.214655 l 4.5536638 8.62 0.0001 
SYSTEM*CLASS 2 14.2751551 7.1375775 13.5 l 0.000 I 
ZONE*SYSTEM* 4 24.0908673 6.0227168 11.40 0.0001 
CLASS 
Table 03. Dependent Variable: Number of trips to convey water with zone *season 
interaction 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model l I 98.4158107 8.9468919 15.94 0.000 I 
Error 1788 1003.5524337 0.5612709 
Corrected Total 1799 1101.9682444 
ZONE 2 53.4469739 26.7234870 47.61 0.000 I 
SEASON 3 41.0995189 13.6998396 24.41 0.0001 
ZONE*SEASON 6 2.9430368 0.4905061 0.87 0.5132 
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Table 04. Dependent Variable: Number of trips to convey water with system *season 
interaction 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 7 48.2862854 6.8980408 I 1.73 0.0001 
Error 1792 1053.6819590 0.5879922 
Corrected Total 1799 I IO I. 9682444 
SYSTEM 5.5379358 5.5379358 9.42 0.0022 
SEASON 3 42.1639718 14.0546573 23.90 0.000 I 
SYSTEM*SEASON 3 0.7225496 0.2408499 0.41 0.7461 
Table D5. Dependent Variable: Equines 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 17 1485.90184 87.40599 40.09 0.000 I 
Error 1662 3623.53554 2.18023 
Corrected Total 1679 5109.43738 
ZONE 2 141.459497 70.729748 32.44 0.000 I 
SYSTEM I 7.153781 7.153781 3.28 0.0703 
ZONE*SYSTEM 2 17.795269 8.897635 4.08 0.0171 
CLASS 2 132.076792 66.038396 30.29 0.000 I 
ZONE*CLASS 4 358.530683 89.632671 41.1 I 0.000 I 
SYSTEM*CLASS 2 37.812280 18.906140 8.67 0.0002 
ZONE*SYSTEM* 4 32.339686 8.084922 3.71 0.0052 
CLASS 
Table 06. Dependent Variable: Transported water 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 17 102160811 6009459 19.58 0.000 I 
Error 1369 420108521 306873 
Corrected Total 1386 522269332 
ZONE 2 8945266.2 4472633.1 14.57 0.0001 
SYSTEM 3980238.1 3980238.1 12.97 0.0003 
ZONE*SYSTEM 2 1213706.2 606853.1 1.98 0.1388 
CLASS 2 I 0577062.6 5288531.3 17.23 0.000 I 
ZONE*CLASS 4 4310877.1 1077719.3 3.51 0.0073 
SYSTEM*CLASS 2 7717565.6 3858782.8 12.57 0.000 I 
ZONE*SYSTEM* 4 5553421.6 1388355.4 4.52 0.0012 
CLASS 
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Table 07. Dependent Variable: Camp watered animals 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 14 3142.48013 224.46287 I.I 6 0.2983 
Error 841 162217 12617 192.88600 
Corrected Total 855 165359.60631 
ZONE 2 613.30100 306.65050 1.59 0.2046 
CATEGORY 4 697.46625 174.36656 0.90 0.4610 
ZONE*CATEGORY 8 1672.36560 209.04570 1.08 0.3721 
Table 08. Dependent Variable: Water cost 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 17 0.19662961 0.01156645 9.47 0.0001 
Error 1363 1.66477293 0.00122140 
Corrected Total 1380 1.86140254 
ZONE 2 0.05269467 0.02634733 21.57 0.0001 
SYSTEM 0.01291072 0.01291072 10.57 0.0012 
ZONE*SYSTEM 2 0.01513912 0.00756956 6.20 0.0021 
CLASS 2 0.01417007 0.00708504 5.80 0.0031 
ZONE*CLASS 4 0.02842086 0.00710521 5.82 0.000 I 
SYSTEM*CLASS 2 0.00296945 0.00148473 1.22 0.2969 
ZONE*SYSTEM* 4 0.01432492 0.00358123 2.93 0.0198 
CLASS 
Table 09. Dependent Variable: Spending for water transportation 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 15 487389.101 32492.607 173.46 0.000 I 
Error 1352 253262.594 187.324 
Corrected Total 1367 740651.695 
WETNESS 126.860 126.860 0.68 0.4107 
SEASON 3 4079.336 1359.779 7.26 0.0001 
WETNESS*SEASON 3 519.247 173.082 0.92 0.4284 
TPTMEAN 477969.538 477969.538 2551.56 0.000! 
WETNESS* 223.192 223.192 1.19 0.2752 
TPTMEAN 
SEASON*TPTMEAN 3 3896.655 1298.885 6.93 0.0001 
WETNES*SEASON* 3 531.507 177.169 0.95 0.4177 
TPTMEA 
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Table 010. Dependent Variable: Per capita households' water 
Source DF Sum of F Value Pr> F 
Squares 
Model 8 29094.9303917 40.92 0.000 l 
Error 1221 I 0853 I .5352081 
Corrected Total 1229 137626.4655998 
FAMlSIZC 2 24900.6765258 140.07 0.000 I 
ZONE 2 I 1930.1407912 67. I I 0.000 I 
FAMISIZC*ZONE 4 20646.3 8024 I 6 58 07 0.000 I 
Table 011. Water consumption by households 
Source DF Sum of F Value Pr> F 
Squares 
Model 19 12659.2073583 6.45 0.0001 
Error 1210 124967.25824 !5 
Corrected Total 1229 I 3 7626.4655998 
SEASON 3 3990.40095404 12.88 0.000 l 
TPTMEAN 4 2694.92295489 6.52 0.000 l 
SEASON*TPTMEAN 12 378.82610642 0.3 l 0.9886 
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Table El. Dependent Variable: Blood NA 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 379.847222 29.219017 2.26 0.0175 
Error 58 749.805556 12.927682 
Corrected Total 71 1129.652778 
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 184.361111 92.180556 7.13 0.0017 
BODYCOND 13.347222 13.347222 1.03 0.3138 
DIET I 0.125000 10.125000 0.78 0.3798 
BODYCOND*DIET 25.680556 25.680556 1.99 0.1640 
WATEREG 2 106.194444 53.097222 4.11 0.0215 
BODYCOND* 2 21.194444 I 0.597222 0.82 0.4456 
WATEREG 
DIET*WATEREG 2 5.583333 2.791667 0.22 0.8064 
BODYCON*DIET* 2 13.361111 6.680556 0.52 0.5992 
WATEREG 
Table E2. Dependent Variable: Blood K 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 16.6668056 1.2820620 4.48 0.0001 
Error 58 16.5830556 0.2859148 
Corrected Total 71 33.2498611 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 l 1.9752778 5.9876389 20.94 0.0001 
BODYCOND 0.7812500 0.7812500 2.73 0.1037 
DIET 0.0501389 0.0501389 0.18 0.6769 
BODYCOND*DIET 1.0034722 1.0034722 3.51 0.0661 
WATEREG 2 0.6102778 0.3051389 1.07 0.3506 
BODYCOND* 2 O.l 108333 0.0554167 0.19 0.8243 
WATEREG 
DIET*WATEREG 2 1.1169444 0.5584722 1.95 0.1510 
BODYCON*DIET* 2 1.0186111 0.5093056 1.78 0.1775 
WATEREG 
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Table E3. Dependent Variable: Blood Protein 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 601.180556 46.244658 1.90 0.0495 
Error 58 1414.138889 24.381705 
Corrected Total 71 2015.319444 
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 125.694444 62.847222 2.58 0.0846 
BODYCOND 74.013889 74.013889 3.04 0.0868 
DIET 70.0 l 3889 70.013889 2.87 0.0955 
BODYCOND* DIET 45.125000 45.125000 1.85 0.1790 
WATEREG 2 179.694444 89.847222 3.69 0.0311 
BODYCOND* 2 32.194444 16.097222 0.66 0.5206 
WATEREG 
DIET*WATEREG 2 65.194444 32.597222 1.34 0.2706 
BODYCON*DIET* 2 9.250000 4.625000 0.19 0.8277 
WATEREG 
Table E4. Dependent Variable: DMI 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 17633.0073 1356.3852 31.38 0.000 I 
Error 58 2507.0213 43.2245 
Corrected Total 71 20140.0286 
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 2571.62919 1285.81459 29.75 0.0001 
BODYCOND 3058.66276 3058.66276 70.76 0.0001 
DIET 9345.26776 9345.26776 216.20 0.0001 
BODYCOND* DIET I 52.32645 52.32645 1.21 0.2758 
WATEREG 2 2157.48500 1078.74250 24.96 0.0001 
BODYCOND* 2 70.24572 35.12286 0.81 0.4487 
WATEREG 
D !ET* WA TE REG 2 376.823 l 9 188.41159 4.36 0.0172 
BODYCON*DIET* 2 0.56726 0.28363 0.01 0.9935 
WATEREG 
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Table ES. Dependent Variable: Digestible dry matter intake 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 l 3666.4285 I 051.2637 41.42 0.000 I 
Error 58 1472.2448 25.3835 
Corrected Total 71 I 5138.6733 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 1278.0036 639.0018 25.17 0.000 I 
BODYCOND l 124.1234 1124.1234 44.29 0.000 I 
DIET l 0053.5337 10053.5337 396.07 0.0001 
BODYCOND*DIET l 12.2690 112.2690 4.42 0.0398 
WATEREG 2 812.8573 406.4287 16.0l 0.0001 
BODYCOND* 2 7.7624 3.8812 0.15 0.8586 
WATEREG 
DlET*WATEREG 2 260.1264 130.0632 5.12 0.0089 
BODYCON*DIET* 2 17.7526 8.8763 0.35 0.7064 
WATEREG 
Table E6. Dependent Variable: Metabolic energy intake per RAM 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 30540591.4 2349276.3 39.04 0.0001 
Error 58 3490344.0 60178.3 
Corrected Total 71 34030935.4 
R-Square c.v. Root MSE ME!PRAM Mean 
0.897436 13.33178 245.313 1840.06 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 2967209.2 1483604.6 24.65 0.0001 
BODYCOND 331.9 331.9 0.01 0.9411 
DIET 25463258.0 25463258.0 423.13 0.0001 
BODYCOND*DIET l l 196.2 1196.2 0.02 0.8884 
WATEREG 2 1444776.2 722388. l 12.00 0.0001 
BODYCOND* 2 144012.l 72006.0 l.20 0.3096 
WATEREG 
D!ET*WATEREG 2 488929. l 244464.6 4.06 0.0223 
BODYCON*D!ET* 2 30878.6 I 5439.3 0.26 0.7746 
WATEREG 
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Table E7. Dependent Variable: Metabolizable energy intake per metabolic weight 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 166444.066 12803.390 43.05 0.000 I 
Error 58 17247.821 297.376 
Corrected Total 71 183691.886 
R-Square C.V. Root MSE MEIPMW Mean 
0.906105 12.60674 17.2446 136.789 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 20378.069 l O 189.034 34.26 0.000 l 
BODYCOND 13196.992 13196.992 44.38 0.0001 
DIET 118047.194 118047.194 396.96 0.0001 
BODYCOND*D!ET I [337.091 1337.091 4.50 0.0383 
WATEREG 2 9984.999 4992.500 16.79 0.000 I 
BODYCOND* 2 201.755 100.878 0.34 0.7137 
WATEREG 
DIET*WATEREG 2 3108.243 1554.121 5.23 0.0082 
BODYCON*DlET* 2 189.723 94.861 0.32 0.7281 
WATEREG 
Table E8. Dependent Variable: OM Digestibility 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 4374.77036 336.52080 42.89 0.0001 
Error 58 455.04504 7.84560 
Corrected Total 71 4829.81540 
Source OF Type llf SS Mean F Value Pr> F 
Square 
REP 2 97.98440 48.99220 6.24 0.0035 
BODYCOND 19.01981 19.01981 2.42 0.1249 
DIET 4122.22194 4122.22194 525 .42 0.0001 
BODYCOND*DIET 18.39310 18.39310 2.34 0.1312 
WATEREG 2 43.01756 21.50878 2.74 0.0728 
BODYCOND* 2 31.60416 15.80208 2.01 0.1427 
WATEREG 
DIET*WATEREG 2 3.56016 1.78008 0.23 0.7977 
BODYCON*D!ET* 2 38.96922 19.48461 2.48 0.0923 
WATEREG 
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Table E9. Dependent Variable: OM Digestibility 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 3469.51513 266.88578 35.46 0.0001 
Error 58 436.58397 7.52731 
Corrected Total 71 3906.09910 
Source DF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 131.67214 65.83607 8.75 0.0005 
BODYCOND I 17.3 I 661 17.31661 2.30 0.1348 
DIET 1 3204.40151 3204.40151 425.70 0.0001 
BODYCOND*DIET 16.73311 16.73311 2.22 0.1414 
WATEREG 2 37.47185 18.73593 2.49 0.0918 
BODYCOND* 2 24.50531 12.25265 1.63 0.2052 
WATEREG 
DIET*WATEREG 2 6.60831 3.30415 0.44 0.6468 
BODYCON*DIET* 2 30.80628 15.40314 2.05 0.1384 
WATEREG 
Table ElO. Dependent Variable: NDF Digestibility 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 1196.89576 92.06890 5.35 0.0001 
Error 58 997.95830 17.20618 
Corrected Total 71 2194.85406 
Source DF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 58.869003 29.43450 I 1.71 0.1897 
BODYCOND 20.586806 20.586806 1.20 0.2785 
DIET 802.535339 802.535339 46.64 0.000 I 
BODYCOND*DlET 16.994450 16.994450 0.99 0.3244 
WATEREG 2 4.035719 2.017860 0.12 0.8896 
BODYCOND* 2 27.068819 13.534410 0.79 0.4602 
WATEREG 
DIET*WATEREG 2 125.340603 62.67030 I 3.64 0.0324 
BODYCON*DIET* 2 141.465025 70.732512 4.11 0.0214 
WATEREG 
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Table El 1. Dependent Variable: Cell soluble digestibility 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 3692.85693 284.06592 37.65 0.0001 
Error 58 437.62765 7.54530 
Corrected Total 71 4130.48458 
Source DF Type III SS Mean F Value Pr> F 
Square 
REP 2 786.47225 393.23613 52.12 0.000 I 
BODYCOND 0.57602 0.57602 0.08 0.7833 
DIET 2584.08605 2584.08605 342.48 0.000 I 
BODYCOND*DIET 1.83681 1.83681 0.24 0.6236 
WATEREG 2 229.11927 114.55963 15.18 0.0001 
BODYCOND* 2 66.67127 33.33563 4.42 0.0164 
WATEREG 
DIET*WATEREG 2 7.65906 3.82953 0.51 0.6046 
BODYCON*DIET* 2 16.43620 8.21810 1.09 0.3433 
WATEREG 
Table E12. Dependent Variable: Water intake 
Source DF Sum of Mean F Value Pr> F 
Squares quare 
Model 13 199210.275 15323.867 13.35 0.000[ 
Error 58 66568.758 1147.737 
Corrected Total 7l 265779.033 
Source DF Type III SS Mean F Value Pr> F 
Square 
REP 2 41468.004 20734.477 18.07 0.000 l 
BODYCOND I 575 l .008 575 l .008 5.01 0.0290 
DIET I 02771.004 I 02771.004 89.54 0.000 I 
BODYCOND*DIET I 1448.543 1448.543 1.26 0.2659 
WATEREG 2 37213.812 18606.906 16.21 0.000 I 
BODYCOND* 2 690 l.098 3450.549 3.0 I 0.052 l 
WATEREG 
DIET*WATEREG 2 6817.558 3408.779 2.97 0.0548 
BODYCON*DIET* 2 116.570 58.285 0.05 0.9505 
WATEREG 
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Table E13. Dependent Variable: Food water intake 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 36.8394783 2.8338060 28.85 0.000 I 
Error 58 5.6971369 0.0982265 
Corrected Total 71 42.5366152 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 i .0296809 0.5148405 5.24 0.0081 
BODYCOND 5.9439612 5.9439612 60.51 0.000 I 
Di ET 25.4803999 25.4803999 259.40 0.000 I 
BODYCOND*DIET I 0.0839926 0.0839926 0.86 0.3589 
WATEREG 2 2.9198577 1.4599288 14.86 0.000 I 
BODYCOND* 2 0.2092340 0.1046170 1.07 0.3514 
WATEREG 
DIET*WATEREG 2 1.1166178 0.5583089 5.68 0.0056 
BODYCON*DIET* 2 0.0557343 0.0278671 0.28 0.7540 
WATEREG 
Table E14. Dependent Variable: Metabolic water 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 3069.64495 236.12653 36.45 0.000 I 
Error 58 375.70796 6.47772 
Corrected Total 71 3445.35291 
Source DF Type III SS Mean F Value Pr> F 
Square 
REP 2 367.39297 183.69648 28.36 0.000 I 
BODYCOND 304.46894 304.46894 47.00 0.000 I 
DIET 2089.81125 2089.81125 322.62 0.0001 
BODYCOND*DIET 1 24.26722 24.26722 3.75 0.0578 
WATEREG 2 210.29144 105.14572 16.23 0.000 I 
BODYCOND* 2 4.60742 2.30371 0.36 0.7022 
WATEREG 
DIET*WATEREG 2 65.21201 32.60600 5.03 0.0096 
BODYCON*DIET* 2 3.59370 1.79685 0.28 0.7588 
WATEREG 
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Table EIS. Dependent Variable: Water intake!DMI ratio 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 99836.5144 7679.7319 3.74 0.0002 
Error 58 119148.5520 2054.2854 
Corrected Total 71 218985 0665 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 42758.0977 21379.0489 I 0.41 0.000 I 
BODYCOND 3438.5924 3438.5924 1.67 0.2009 
DIET 38274.5278 38274.5278 18.63 0.000 I 
BODYCOND*DIET I 2802.1490 2802.1490 1.36 0.2476 
WATEREG 2 1598.7667 799.3833 0.39 0.6794 
BODYCOND* 2 7355.9536 3677.9768 1.79 0.1760 
WATEREG 
DIET*WATEREG 2 1242.7344 621.3672 0.30 0.740 I 
BODYCON*DIET* 2 2365.6928 1182.8464 0.58 0.5654 
WATEREG 
Table E16. Dependent Variable: Urine volume 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 7348.50280 565.26945 7.16 0.000 I 
Error 58 4576.66277 78.90798 
Corrected Total 71 11925.16557
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 119.77633 59.88816 0.76 0.4727 
BODYCOND 804.02318 804.02318 10.19 0.0023 
DIET 4533.19091 4533.19091 57.45 0.0001 
BODYCOND*DIET 13.90023 13.90023 0.18 0.6762 
WATEREG 2 875.31159 437.65580 5.55 0.0062 
BODYCOND* 2 186.94045 93.47022 1.18 0.3132 
WATEREG 
DIET*WATEREG 2 578.12757 289.06379 3.66 0.0318 
BODYCON*DIET* 2 237.23254 118.61627 1.50 0.2309 
WATEREG 
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Table El 7. Dependent Variable: Fecal water output 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 7115.81578 547.37044 I 0.53 0.000 I 
Error 58 3015.49294 51.99126 
Corrected Total 71 10131.30872 
Source DF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 877.58925 438.79462 8.44 0.0006 
BODYCOND 1359.75241 1359.75241 26.15 0.000 l 
DIET 1257.50231 1257.50231 24. l 9 0.0001 
BODYCOND*DIET 10.13326 10.13326 0.19 0.6605 
WATEREG 2 2983.82933 1491.91467 28.70 0.000 l 
BODYCOND* 2 509.94227 254.97113 4.90 0.0108 
WATEREG 
DIET*WATEREG 2 2.49665 1.24833 0.02 0.9763 
BODYCON*DIET* 2 114.57030 57.28515 I. IO 0.339 l 
WATEREG 
Table El8. Dependent Variable: Insensible 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 161036.272 12387.406 14.26 0.000 I 
Error 58 50393.899 868.860 
Corrected Total 71 211430.170 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 39145.8372 19572.9186 22.53 0.000 I 
BODYCOND 47.9384 47.9384 0.06 0.8151 
DIET 93688.6813 93688.6813 107.83 0.000 l 
BODYCOND*DIET 2456.4209 2456.4209 2.83 0.0981 
WATEREG 2 16678.9727 8339.4864 9.60 0.0003 
BODYCOND* 2 4909.5820 2454.9710 2.82 0.0496 
WATEREG 
DIET*WATEREG 2 3596.6086 1798.3043 2.07 0.1354 
BODYCON*DIET* 2 820.3675 410.1837 0.47 0.6261 
WATEREG 
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Table El9. Dependent Variable: (Insensible/total water gain) ratio 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 1585.27989 121.94461 6.57 0.0001 
Error 58 1077.05662 18.56994 
Corrected Total 71 2662.33651 
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 392.302878 196.151439 10.56 0.0001 
BODYCOND 636.412272 636.412272 34.27 0.0001 
DIET 213.900 !39 213.900139 11.52 0.0012 
BODYCOND*DIET I 118.272200 118.272200 6.3 7 0.0144 
WATEREG 2 125.583344 62.791672 3.38 0.0408 
BODYCOND* 2 14.999811 7.499906 0.40 0.6696 
WATEREG 
' DIET*WATEREG 2 0.086211 0.043106 0.00 0.9977 
BODYCON*DIET* 2 83.723033 41.861517 2.25 0.1141 
WATEREG 
Table E20. Dependent Variable: Water turnover per metabolic weight 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 248960.203 19150.785 15.52 0.000 I 
Error 58 71555.043 1233.708 
Corrected Total 71 320515.246 
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 43512.867 21756.433 17.63 0.0001 
BODYCOND 9176.286 9176.286 7.44 0.0084 
DIET 138004.039 138004.039 111.86 0.000 I 
BODYCOND*D!ET 1866.096 l 866.096 l.51 0.2237 
WATEREG 2 43707.023 21853.512 17.71 0.000 I 
BODYCOND* 2 6528.885 3264.443 2.65 0.0795 
WATEREG 
DIET*WATEREG 2 8389.214 4194.607 3.40 0.0510 
BODYCON*DlET* 2 127.593 63.797 0.05 0.9496 
WATEREG 
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Table E21. Dependent Variable: Water turnover per live weight 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 43586.9759 3352.8443 14.88 0.0001 
Error 58 13064.7485 225.2543 
Corrected Total 71 5665 I .7244 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 5979.2926 2989.6463 13.27 0.000 I 
BODYCOND 5216.9708 5216.9708 23.16 0.000 l 
DIET l 21698.2348 21698.2348 96.33 0.0001 
BODYCOND*DIET I 522.5067 522.5067 2.32 0.1332 
WATEREG 2 8037.7190 4018.8595 17.84 0.0001 
BODYCOND* 2 939.4851 469.7425 2.09 0.1335 
WATEREG 
DIET*WATEREG 2 1338.0 l 04 669.0052 2.97 0.0527 
BODYCON*D!ET* 2 37.1319 18.5659 0.08 0.9210 
WATEREG 
Table E22. Dependent Variable: Absorbed water 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 21400288.0 1646176.0 91.38 0.0001 
Error 58 l 044836.0 18014.4 
Corrected Total 71 22445124.0 
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 622063.1 311031.6 17.27 0.0001 
BODYCOND 208234.1 208234.1 11.56 0.0012 
DIET I 20014962.7 20014962.7 1 I I 1.05 0.0001 
BODYCOND*DIET I 156080.1 156080.1 8.66 0.0047 
WATEREG 2 189052.7 94526.3 5.25 0.0080 
BODYCOND* 2 708 I .2 3540.6 0.20 0.822 I 
WATEREG 
DIET*WATEREG 2 195316.3 97658.2 5.42 0.0069 
BODYCON*DIET* 2 7497.7 3748.9 0.2 l 0.8127 
WATEREG 
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Table E23. Dependent Variable: N intake 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 29186240.2 2245095.4 I 07.18 0.000 I 
Error 58 1214960.6 20947.6 
Corrected Total 71 30401200.8
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 1031566.5 515783.3 24.62 0.000 I 
BODYCOND 434945.8 434945.8 20.76 0.000 I 
DIET 26783863.7 26783863.7 1278.61 0.000 I 
BODYCOND*DIET 182492.7 182492.7 8.71 0.0046 
WATEREG 2 416460.5 208230.2 9.94 0.0002 
BODYCOND* 2 29342.0 14671.0 0.70 0.5006 
WATEREG 
DIET*WATEREG 2 291569.0 145784.5 6.96 0.0020 
BODYCON*DIET* 2 16000.0 8000.0 0.38 0.6843 
WATEREG 
Table E24. Dependent Variable: Urine N 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 4837503.95 372115.69 53.08 0.0001 
Error 58 406635.29 70 l 0.95 
Corrected Total 71 5244139.25
Source OF Type III SS Mean F Value Pr> F 
Square 
REP 2 126298.20 63149.10 9.01 0.0004 
BODYCOND 2695.09 2695.09 0.38 0.5377 
DIET 4473197.40 4473197.40 638.03 0.0001 
BODYCOND*DIET 17408. l l 17408. l l 2.48 0.1205 
WATEREG 2 106519.51 53259.75 7.60 0 0012 
BODYCOND* 2 14340.77 7170.38 1.02 0.3660 
WATEREG 
DIET*WATEREG 2 89187.91 44593.95 6.36 0.0032 
BODYCON*DIET* 2 7856.98 3928.49 0.56 0.5741 
WATEREG 
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Table E25. Dependent Variable: Fecal N 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 679380.32 l 52260 025 48.05 0.0001 
Error 58 63087.677 1087.719 
Corrected Total 71 742467.998 
Source DF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 70912.826 35456.413 32.60 0.000 I 
BODYCOND 41281.071 41281.071 37.95 0.000 I 
DIET 492108.400 492108.400 452.42 0.0001 
BODYCOND*DIET 1031.818 1031.818 0.95 0.3341 
WATEREG 2 48003.507 2400 l.754 22.07 0.000 l 
BODYCOND* 2 9728.884 4864.442 4.47 0.0156 
WATEREG 
DIET*WA TEREG 2 13492.282 6746.14! 6.20 0.0036 
BODYCON*DIET* 2 2821.533 1410.767 1.30 0.28 l 2 
WATEREG 
Table E26. Dependent Variable: Retained nitrogen 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 6137799.45 472138.42 31.89 0.000 I 
Error 58 858672.72 14804. 70 
Corrected Total 71 6996472.17 
Source DF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 277681.11 138840.56 9.38 0.0003 
BODYCOND l 163391.14 163391.14 11.04 0.0016 
DIET l 5562748.53 5562748.53 375.74 0.000 l 
BODYCOND*D!ET l 69359.65 69359.65 4.68 0.0346 
WATEREG 2 12187.55 6093.77 0.41 0.6645 
BODYCOND* 2 14161.76 7080.88 0.48 0.6223 
WATEREG 
D!ET*WATEREG 2 23245.82 11622.91 0.79 0.4609 
BODYCON*D!ET* 2 15023.89 7511.95 0.51 0.6047 
WATEREG 
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Table E27. Dependent Variable: Nitrogen use efficiency 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 6.91865999 0.53220. 35.71 0.000 I
Error 58 0.86449855 0.01490515 
Corrected Total 71 7.78315854 
Source DF Type III SS Mean F Value Pr> F 
Square 
REP 2 0.36868953 O. l 8434476 12.37 0.0001 
BODYCOND 0.29940514 0.29940514 20.09 0.000 I 
DIET 6.08761306 6.08761306 408.42 0.000 I 
BODYCOND*DIET I 0.14598816 0.14598816 9.79 0.0027 
WATEREG 2 0.00734144 0.00367072 0.25 0.7825 
BODYCOND* 2 0.00596504 0.00298252 0.20 0.8192 
WATEREG 
DIET*WATEREG 2 0.00225262 0.00112631 0.08 0.9273 
BODYCON*DIET* 2 0.00140500 0.00070250 0.05 0.9540 
WATEREG 
Table E28. Dependent Variable: Nitrogen digestibility coefficient 
Source DF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 37835.3180 2910.4091 167 04 0.000 I 
Error 58 1010.5366 17.4230 
Corrected Total 71 38845.8546 
Source DF Type III SS Mean F Value Pr> F 
Square 
REP 2 454.3640 227.1820 13.04 0.0001 
BODYCOND 14.2578 14.2578 0.82 0.3694 
DIET 37169.0112 37169.0112 2133.32 0.0001 
BODYCOND*DIET 7.9867 7.9867 0.46 0.5011 
WATEREG 2 102.5528 51.2764 2.94 0.0606 
BODYCOND* 2 36.0509 18.0254 1.03 0.3618 
WATEREG 
DIET*WATEREG 2 44.3369 22.1685 1.27 0.2879 
BODYCON*DIET* 2 6.7577 3.3788 0.19 0.8242 
WATEREG 
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Table E29. Dependent Variable: Daily weight gain 
Source OF Sum of Mean F Value Pr> F 
Squares Square 
Model 13 518891.352 39914.719 75.31 0.0001 
Error 58 30741.464 530.025 
Corrected Total 71 549632.816
Source OF Type Ill SS Mean F Value Pr> F 
Square 
REP 2 8110.735 4055.368 7.65 0.0011 
BODYCOND 116328.350 116328.350 219.48 0.0001 
DIET 378022.371 378022.371 713.22 0.0001 
BODYCOND*DlET 12636.525 12636.525 23.84 0.0001 
WATEREG 2 2178.518 1089.259 2.06 0.1373 
BODYCOND* 2 1052.439 526.220 0.99 0.3767 
WATEREG 
DIET*WATEREG 2 368.660 184.330 0.35 0.7077 
BODYCON*DIET* 2 193.754 96.877 0.18 0.8334 
WATEREG 
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LANGUAGES: 
written. 
Arabic, French and English: Fluently read, spoken and 
APTITUDES 
s Rich and diversified experience in development and management of natural resources 
mainly rangelands under arid and semi-arid conditions. 
s Solid knowledge in animal husbandry including cattle, sheep, goats, camel and poultry. 
� Good experience in the field of sand dune stabilization and desertification control 
techniques. 
s Capabilities in computer utilization for word and data processing. 
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In addition to my technical background, my 16 years of career gives me the 
opportunity to assume administrative responsibilities and provide me with capabilities to 
collaborate at various levels with colleagues in diversified fields. 
My field activities and mostly permanent contact with rural soc1et1es have 
strengthened my knowledge and the development of solid relationships with farmers and 
I ivestock producers. 
My numerous contacts with International professionals (IF AD. Word Bank. UN DP. 
UNFPA, GTZ, etc.), and my effective contribution to different stages of development 
projects from reconnaissance, through identification and evaluation to execution and 
monitoring, provide me with a wide experience and sense of collaboration with people 
belonging to different beliefs and cultures. 
PROFESSIONAL EXPERIENCE: 
• From June 1995 to present: Project Coordinator and Range specialist. at O.R.M.V.A/TF.
The Project I am coordinating is funded through a loan from IFAD and the Islamic bank
for Development in addition to the Moroccan government. It deals with, irrigation
development, range and livestock development, sand dune stabilization. desertification
control, women in development and agricultural extension.
• From 1993 to June 1995: Fellowship, Ph.D. candidate at Utah State University, USA
• From, 1983 to 1993: Head of the Bureau of Animal Production at the ORMVA/TF
• From, 1982 to 1983: Head of the Range Management Section at O.R.M.V.A/TF.
Fellowships and seminars: 
1981: Participation at a Range Management and Forage Production, shortcourse, 2 
months training session at New Mexico state University, U.S.A. 
1987: Participation to a 3 weeks training on range management and desertification 
control, in Ex USSR, Kazakhstan and Turkmanistan. 
1989: Training session on computer utilization in livestock management, organized. 
during one week, by ITO VIC, France and the O.R.M.V.A. of Ouarzazate, Morocco. 
1990: Participation to a seminar and an agricultural fair organized during one week 111 
Montmorillon, FRANCE 
1996: Participation to a workshop on project management, organized by IF AD 111 
Alexandria, Egypt. 
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In addition, I have attended many other seminars and training sessions organized by the 
Society for Range Management (USA), R� seau Parcours (Europe-Africa) and several 
local professional associations such as ANPA, AIPA, etc. 
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Darfaoui El M. 1993: Systemes d'elevage pratiques sur Jes parcours des ::.ones one/es el 
subdesertiques: cas du cercle de Beni Tadjit et des Communes de Gourroma. Guir et 
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Errachidia, Marne IO I pages. 
Darfaoui El M. 1992: Situation et perspectives d'avenir de /'elevage des petits ruminants 
clans !es zones d'intervention des O.R.M VA. de Tafi/alet et Ouarzazate. O.R.M.Y.A du 
Tafilalet, Errachidia , 74 pages. 
Darfaoui EI M. 1990: Production et utilisation de I' Atriplex nummularia par /es ovins. 
O.R .. M.Y.A. du Tafilalet, Errachidia, Maroc.
Khiar M., M. El Fadili, and EI M. Darfaoui. 1987: La race ovine D 'man, ses caracteristiques, 
et /es systemes de son exploitation au A1aroc. presente /ors d'un seminaire organise par 
la F AO a Bagdad, Iraq. 
Darfaoui El M. 1982 : Cartographie des parcours, et etudes des deplacements des troupeaux 
et du comportement alimentaire des caprins dans le haut Atlas Occidental (la vallee du 
Rheraya). Memoire de fin etudes, JAV Hassan JI, Rabat, Maroc. 
Professional memberships: 
Member of the Society for Range Management (USA). 
Member of the Reseau Parcours International (Europe-Africa). 
Member of « Pastoral Development Network» located in London, UK. 
Member of the Association Nationale de Production Animate (Morocco.) 
